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WHEN THE MOON INTERFERED WITH THE SUN’S BROADCASTING 


The diagonal series of exposures from the lower left to the upper right shows a number of stages in the concluding 
phase of the solar eclipse, as taken on a single photographic plate by a ‘‘still” camera, shifting the position of the camera 
during the intervals between exposures. 

The insert at the upper left is of the total eclipse and shows a ‘“‘diamond ring”’ effect. 


The lower insert, also of the total eclipse, was enlarged from a ‘‘movie”’ film. 
All these photographs were taken in New York City on the 24th of last January by the New York Edison Co. This 
Company, and other Public Utility Companies in and about New York City, co-operated in making observations of the 


shadow path and of the effect of the eclipse on the service loads. (See page 151) 
° Eclipse X-rays 
In This Issue: 
Electric Trucks Dielectrics 
_Picking Managers Ethereal Waves 
Automatic Substations Street Illumination 
Phase Angle Correction Factors _ Hyperboloidal Reflectors 


HEAT BALANCE 


A Ty¥lodern Power Plant Problem 


HE new catalog, ‘‘Wheeler Evaporators,”’ includes a present day study of the 

relation of evaporators to Power Plant Heat Balance, a question of vital interest 

to executives and engineers who wish to reduce power plant costs by providing pure 
distilled boiler feed make-up in the most efficient way. 


Heat balance diagrams of actual installations in 
such modern power plants as Delaware (Phila- 
delphia Electric Co.), Hales Bar (Tennessee Electric 
Power Co.), and Seal Beach (Los Angeles Gas 
€f Electric Corp.), illustrate the methods which 
have obtained the best economy under various 
conditions, 


Other topics discussed are: 


ADVANTAGES OF DISTILLED FEED 
WATER 


TYPES OF EVAPORATORS FOR LOW AND 
HIGH PRESSURES 


CHARACTERISTICS OF FILM AND SUB- 
MERGED TUBE EVAPORATORS. 


CHARACTERISTICS AND ECONOMY OF 
MULTIPLE-EFFECT EVAPORATORS. 


If you are interested in obtaining boiler feed 
water which will not scale, corrode, foam or 
prime, or want the latest information on heat 
balance, you should write for Bulletin G-117. 
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WHEELER By 
PRODUCTS INCLUDE 


CONDENSERS -ALL TYPES 
COOLING TOWERS - HEATERS 
STEAM JET AIR PUMPS 

HEAT EXCHANGERS 
EXPANSION JOINTS 

EVAPORATORS 
BOILER FEED PUMPS 
CENTRIFUGAL PUMPS 
TURBINES 
CONDENSER TUBES 
BRASS & COPPER PIPE 
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WHEELER. CONDENSER & ENGINEERING CO. 


149 Broadway, New York 
Works ~ CARTERET, N.J.. NEWBURGH , N.Y. 
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First Unit of WEYMOUTH STATION, THE EDISON ELECTRIC ILLUMINATING 
CO. of BOSTON, I. E. Moultrop, Ass’t Supt., Bureau of Construction 60000 Kw. . 


The power systems of the country supplied wholly or in part by 
stations built by Stone & Webster serve more than 15,000,000 people. 
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Iding job 
PAGE-ARMCO WELDING RODS, 
; d to weld 6000 ft. of 16” steel 
6000 feet of 1 6-inch oe V6" thick, pressure steam line of 
° ° the Cleveland Electric Illuminating 
high pressure steam line * Company, Cleveland 
ACH welded joint has to stand 500 use any but the best? Try PAGE- 
Ibs. test. Five pounds of added metal ARMCO, time the job, and inspect it and 
is applied to each joint. test it. 
The welding men naturally chose Page- 
Armco, the most uniform, easiest flowing, PAGE also makes high carbon rods—rods 
gas-free rods on the market. It saved of all types for gas, electric and automatic 
time—gave them a better job. welding. Write for illustrated folder tell- 
Rods are a small part of welding cost. ing how better rods cut welding cost. 
Can you ever afford to take chances— No obligation. A card will do. 
Page Steel & Wire Company 
BRIDGEPORT, CONNECTICUT 
District Offices: Chicago, New York, Pittsburgh, San Francisco 
An Associate Company of American Chain Co., Inc. of Bridgeport 
P d N G E e 
a 4 
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Making 
friends 
and 
holding them 


Elliott-Ehrhart Low Level Jet Condenser serving 2,500 kv-a. turbine in the Storrs 
Colliery plant of the Glen Alden Coal Co. An Elliot-Ehrhart Condenser, to serve a 
12,500 kw. turbine, is being installed in the Nanticoke Colliery. 


Users of Elliott-Ehrhart Condensers, 
when installing additional Condenser 
Equipment, have practically without 

Elliott- exception purchased another Elliott- 
Ehrhart outfit. 


Ehrhart 


Condensers 


GENERAL SALES OFFICES AND WORKS EXECUTIVE OFFICE~PITTSBURGH, PA, 


JEANNETTE, PA. PRODUCTS | 
iOISTRICT OF FICES:ATLANTA.BALTIMORE, CONDENSERS. AIR EJECTORS, FILTERS 
BOSTON. CHICAGO, CINCINNATI. DETROIT. DEAERATORS, STRALNERS. SEPARATORS 


AND,NEW YORK, GREASE EXTRACTORS. AUTOMATIC VALV 
SHLABELPHLA PITTSOURG.ST.LOU $ BLOW-OFF VALVES,HEATERS + + + 


C-267a 
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On the largest blooming mill motor 
in the country 


NATIONAL Pyramid Brushes are the choice National Pyramid Brushes give sparkless 
of the engineers responsible for the per- commutators on this giant machine. The 
formance of the largest blooming mill commutators are in excellent shape, and 
motor in the United States. This motor the brushes have a long life. 

has two commutators in series, 900 volts 

DC on each, total 1800 volts, current 9000 The ability of National Pyramid Brushes 
amperes. Starting from rest, the motor is to perform perfectly under the most severe 
capable of accelerating to 120 RPM in conditions is complete proof of their capac- 
one direction, then reversing to 120 RPM ity to do equally well in average in- 


in the opposite direction in six seconds. stallations. 
Momentarily, the motor will develop 22,000 : 
H.P. at 50 RPM. Our Sales Engineers are at your service. 


National 
Pyramid Brushes 


Manufactured and guaranteed by 


NATIONAL CARBON COMPANY, INC. 
Carbon Sales Division 


Cleveland, Ohio San Francisco, Cal. 
Canadian National Carbon Co., Limited, Toronto, Ontario 


Emergency Service Plants 


CHICAGO, ILL. PITTSBURGH, PA. NEW YORK, N. Y. 
551 West Monroe St 7th Floor, Arrott Power Bldg. No. 3, Barker Place 237 East 41st St. 
Phone, STA te 6092 Phone, ATL antic 3570 Phone, VAN derbilt 0425 
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New D eparture — 
Ball Bearings — 


ERSISTENCE in the pursuit of quality has brought 

an unexampled demand for New Departure Ball 
Bearings from the leaders in American industry. Growth 
has brought greatly enhanced responsibility for the main- 
tenance of the highest standards as well as unusual 
facilities for research and continued improvement. 


The New Departure Ball Bearing is more than a mere 
mechanical device. It is a product built about an ideal 
and a service co-extensive with the lite of the mechanism 
in which it is installed. 


Every part, including the balls, is made in the New 
Departure plants—excepting only the hot rolled steel. 


THE NEW DEPARTURE MANUFACTURING COMPANY 


BRISTOL, CONN. 
DETROIT CHICAGO 


56 Victoria St., London, S.W.1, England 
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| Me Markof the Moroughbred = 
Like the Sterling markon silver 


A good horse, a Stackpole Carbon 
Brush—thoroughbreds both. 


Service has brought the Stackpole 
Carbon Brush high honors from 
the entire electrical industry. Its 
unflagging dependability—wrought 
by the uniformity of its composition 
—and the diversity of its types 
rears it to the position to meet 
every carbon brush requirement. 


After actual tests and arduous 
trials many companies have recog- 
nized the true worth of the Stack- 
pole Brush and have made it part 
of their standard equipment. 


Stackpole catalog No. 8 tells the 
story of the complete Stack pole line. 


KPOLE 


icarbon brushes 
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MARCH, 1925 GENERAL ELECTRIC REVIEW 7 


Anaconda Bus Bars used 
for 250 volt direct cur- 
rent distribution panel, 
Devon Plant of the Con- 
necticut Light & Power 


Company, 


Anaconda Bus Bar Copper 


The accurate dimensions and perfectly flat contact surfaces of 
Anaconda Bus Bars are the result of The American Brass Company's 
practice of finishing all Bus Bars hard through dies. The degree of 
hardness is carefully controlled so that Anaconda bars are, easy to 
bend but will retain the required position. 


Anaconda mined and refined copper assures conductivity in excess 
of 99.9% at 20° C. in terms of International Annealed Copper Standard. 


Anaconda Bus Bars are made in any desired shape or size and are 
furnished in commercial bar lengths, multiples of a given length or 
cut to exact length. 


THE AMERICAN BRASS COMPANY 


GENERAL OFFICES: WATERBURY, CONNECTICUT 


| 

New York, Chicago, Boston fi Mills and Factories: 

Philadelphia, Providence, Pittsburgh ANACONDA Ansonia, Conn., Torrington, Conn. 
Ses Waterbury, Conn., _ Buffalo, N. Y. 


Cleveland, Detroit, Cincinnati 
St. Louis, New Orleans, San Francisco Hastings-on-Hudson, N. Y., Kenosha, Wis. 


In Canada: ANACONDA AMERICAN BRASS LIMITED, NEW TORONTO, ONTARIO 
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Accompanying view shows one of Four S M I qf H 


single-runner, vertical shaft, cast iron scroll- 


case Hydraulic Turbine Units now in | HYDRAULIC 


successful operation in the Tugalo Plant, 
of Georgia Railway & Power Co. 


Each turbine devel- 
ops 22,000 H.P. at 
171.4 Rev. under 150 
ft. head and is direct- 
connected to a 12,500 
kw. General Electric 
Generator. 


We have 
The Experience, 
The Resources, and 
The Manufacturing 
Skill enabling us | 
to render REAL 
SERVICE. 


Ask our Dept. ‘‘G’’ 
for Bulletin of 
Designs and Data 


S. Morgan Smith Co., York, Pa. 


A Neglect-proof Bearing for Heavy Duty 


As we’ve said before, the ‘‘Hoffmann”’ has all 
the load capacity and speed-ability and stand- 
up-ability you could ask—even where your 
bearing service is hardest. Here’s another 
important feature. 


It is easy so to mount a ‘‘Hoffmann”’ that a 
big reservoir of lubricant surrounds the bear- 
ing, needing renewal only at long intervals. 
This prevents one big cause of bearing 
troubles. And this mounting is dust-proof 
and moisture-proof. 

The right ‘‘Hoffmann’’ Bearing, rightly 

mounted in your motors, will save a 


lot and earn a lot. Why not let our 
engineers work it out, with you? 


NYRMA-HUFFMANN BEARINGS CURPOURATIOUN 
Stamferd-Cynnecticut 
BRECISION BALL,ROLLER AND.{ THRUST BEARINGS 
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g’#New LOCKE HEWLETT 


TNs design of the Hewlett Insula- 


tor—one which is fully equal in 
strength to the cemented type. 


Combining all of the inherent advan- 
tages of the Hewlett design, this new 
design is an improvement in every way 
over the original Hewlett Insulator which 
has enjoyed wide popularity for many 
years. The increased strength of the 
Hewlett, which, for the first time, places 
it on a par with cemented types, is made 
possible by a new method of fabrication 
which permits of rectangular holes for 
the connecting links and gives a larger 


GENERAL ELECTRIC REVIEW 


a 
BE 


bearing surface; resulting in a higher 
total, but 
porcelain. 


lower unit stress, on the 


The contour has been changed provid- 
ing for more effective washing and im- 
proving its electrical characteristics—all 
combining to give a more pleasing 
appearance. 


These and many other advantages have 
only been made possible by the employ- 
ment of dense porcelain —the same 
porcelain which is used in the manufac- 
ture of all Locke Insulators. 


This new Hewlett is offered for any and all service where a suspension type 
insulator is required. General specifications and complete information, includ- 


ing latest data on electrical and mechanical characteristics, will be furnished 
upon request. 


LOCKE INSULATOR CORPORATION 
BALTIMORE, MD. 
Factories: Victor, N. Y., and Baltimore, Md. 
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STEAM up to 1000 H.P. 


Illustration shows a_ slope hoist, 
operating an underground incline 1700 
feet long. It has been in use by The 
Spencer Coal Co. for a number of years, 
and has given excellent satisfaction, both 
in service performed, and its wearing 


quality. 


We build mine hoists, both steam 
and electric, in types to meet every 
kind of mine service. 


CATALOGS GLADLY FURNISHED 
LIDGERWOOD MFG. CO., 96 Liberty Street, NEW YORK, N. Y. 


Chicago; Pittsburgh; Philadelphia; Detroit; Los Angeles; Seattle; Tacoma; Portland, Ore.; Columbus, O.; Brown-Marx Bldg., Birmingham, Ala. 


Sales Agents: Norman B. Livermore, San Francisco; John D. Westbrook, Inc., Norfolk, Va.; Woodward, Wight & Co., Ltd., New Orleans; 


Canadian Allis-Chalmers, Ltd., Toronto. 


Foreign Offices: Sao Paulo, Brazil; Rio de Janeiro, Brazil; London, Eng. 


10 YOu 


Me 


FRAHM Vibrating-Reed 
FREQUENCY METERS 
eves Frahm Frequency Meters do not lose their 


calibration, do not get out of order and are unaf- 
fected by temperature variations, they are used in’ power 
plants everywhere for permanent mounting on switch- 
boards as well as for laboratory and portable work. 
You'll make no mistake in specifying Frahm Fre- 
quency Meters 
Write for Bulletin 995-G 


JAMES G. BIDDLE 


1211-13 Arch St. Philadelphia, Pa. 


LABORATORY CONDENSER 


A high-grade laboratory condenser at a moderate 
price. 

Its features are low power-factor, high capacity, and 
permanence of calibration. 

Resistance at 1000 Cycles and 1500 MMF 12 Ohms. 


Type 246L, 55 MMF min., 1500 MMF max., $28.00 
Type 246M, 70 MMF min., 3000 MMF max., 34.00 
Type 246P, 72 MMF min., 5000 MMF max., 38.00 


Fully described in Bulletin 109G 


GENERAL RADIC Co 


Manufacturers of 
Electrical and Radio Laboratory Apparatus 
Massachusetts Avenue and Windsor Street 
Cambridge 39, Massachusetts 
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G-R Expansion Joint 
Guaranteed— 


[1] ‘lo compress one quarter S d 
inch axially when subject to en 
a compressive force of 125 h 
pounds per inch nominal the 


diameter of pipe. 


[2] To expand one quarter ee 
inch axially when subject to oe 
an expansive force of 150 ASS 
pounds per inch nominal +e 
diameter of pipe. “4 oe 
has oe ’ 
. gnY. + vs 
[3] To distort laterally one Ss e oe 
eighth inch with a force of aased RY “stat ig 
an . 5 Pa * mh * 
125 pounds per inch nominal AY pt Wa 
‘ e Z + So Ss 
diameter of pipe. Re Po" haere 
. Y RS ae 
< ae) ¥ \ « 
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THE GRISCOM-RUSSELL COMPANY .” FP Pe 
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EWPORT INIEWS RACK RAKE 


WILL SOLVE YOUR TRASH PROBLEMS 


One customer recently stated ‘We 
now have no trash problems.” 


He has four Newport News rack rakes 
operated by one man and a helper, 
drafted from his regular power house 
force. Formerly he employed from 20 
to 30 extra men during high water 
periods to hand rake continuously and 
even then was unable to keep ahead of 
the trash. 
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\ 
5 


— 
uy We 


Builders of large hydraulic turbines and accessories, including butterfly valves 
and headgates, with operating gear; electrically welded trash racks, penstocks, 
surge tanks, etc. 


NEWPORT NEWS SHIPBUILDING AND DRY DOCK COMPANY 
DER GE: NEWPORT NEWS, VA. 
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The Babcock & Wilcox Co. 


85 LIBERTY STREET, NEW YORK 
ESTABLISHED 1868 


Water Tube Boilers 
Steam Superheaters 
Chain Grate Stokers 


BRANCHES 


Boston, 49 Federal! Street 

PHILADELPHIA, Packard Building ae 
PITTSBURGH, Farmers Deposit Bank Building 
CLEVELAND, Guardian Building 

Cuicaco, Marquette Building 

Detroit, Ford Building 

CINCINNATI, Traction Building 

ATLANTA, Candler Building _ 

PHOENIX, Ar1z., Head Building 

New Or.Eans, 521-5 Barrone Street 
Houston, TEXAS, Southern Pacific Building 
Da.tas, Texas, 2001 Magnolia Building 
DENVER, 435 Seventeenth Street 

Sat LAKE City, 405-6 Kearns Building 
SAN FRANCISCO, Sheldon Building 

Los ANGELES, 404-406 Central Building 
PORTLAND, ORE., 805 Gasco Building 
SEATTLE, L. C. Smith Building 

Havana, Cusa, Calle de Aguiar 104 

SAN Juan, Aorta Rico, Royal Bank Building 
Honouutu, H. T., Castle & Cooke Building 


10, OOO volts _ 


array out the “spots” 


You can now get insulation with 
every square inch ‘‘tested’’ 


Sheets of Diamond Fibre Insulation are 
passed between electrodes carrying a 
current up to 10,000 volts, depending 
on the thickness of the material. Wher- 
ever a “spot’’ occurs, the material is 
burned through. 

With Diamond Fibre 100% Insula- 
tion you can eliminate danger from 
short circuits. Diamond Fibre Insula- 
tion speeds up production and prevents 
loss. 

Diamond Fibre and Celoron (another 
Diamond State Fibre Co. Insulation 
with unusual mechanical strength) are 
furnished in sheets, rods and tubes. 
There are also a large number of special 
parts manufactured. 

Our Engineering and Laboratory 
Department will gladly send you further 
information on request. 


Diamond Sta 
Bridgeport, P: 
Offices in Principal Cities 7 


» Fibre Company 
and Chicago, II. 


nto, Canada.—London, Eng. | 
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ENDURANCE 


UNEQUALLED 
PRACTICALLY PROVEN 


é 


LOWEST UNIT COST 
OF OPERATION POSSIBLE 


CENTRAL STATION CATERING 


DIAMOND 


SOOT BLOWERS 
for all types of boilers 


Save 4 to 8% fuel. 


Save labor and 
labor turnover. 


Keep boilers on the 
line longer. 


DIAMOND 
POWER SPECIALTY 
CORPORATION 
10340 Oakland Avenue 
DETROIT 
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One of its many 


electrical uses 
oe ae 


Insulation For Transformers 


—must possess great mechanical strength— 

It can’t split nor break when being driven in. 

That’s why SPAULDING SUPER GRAY 
Branches: New FIBRE is ideal. 


York City,Bos- [ts resistance to oils and grease—light weight 
ton, Chicago, and the care and exactness with which it 

Philadelphia, Can be cut, machined, threaded or drilled 
San Francisco, recommends it for other electrical purposes. 


sed ase Cuts the cost of insulation. 
AVL Diy Samples and Prices on request 
: (+ 
ee tbe, SPAULDING FIBRE CO., INC. 
Lda 320 Wheeler St. Tonawanda, N. Y. 


HARD FIBRE 
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GALVANIZED STEEL STRAND 


Commercial Grade, Single and Double Galvanized. 
Siemens-Martin and High Strength Grades, Double 
Galvanized. 3-ply Wire for Special Purposes. 


FOR ELECTRICAL TRANSMISSION AND 
DISTRIBUTION—OVERHEAD RESISTANCE 


Double Galvanized Telephone and 
Telegraph Wire 


E.B.B. B.B. and Steel 


INDIANA STEEL & WIRE COMPANY 


Muncie, Indiana 


aw 


ENUS 
PENCIL 


The Largest Selling 7 7 hi 
ality Poncil iste 
the World. 


de P= ECTLY graded 
yp and superbly 
» smooth, the VENUS is 
always preferred by engi- 
neers and technical men. 


CQ Plain Ends per doz. $1.00 
Rubber Ends per doz. $1.20 


17 Black Degrees 
6B Softest to 9H Hardest 
also 3 Copying 


American Lead Pencil Co. 
213 Fifth Avenue, N.Y. 


and London, Eng. 


Here’s 
a Real 


Hacksaw Frame 


The Starrett Pistol Grip No. 169. Hangs like a Colt 
and has plenty of finger room inside the handle. 
Blade can be set to cut in any of four directions and 
the constant spring tension on the bolts holding the 
blade and the adjustment on the back make blade 
changing easy and quick. The frame has checked 
hard rubber handle and all steel parts are nickel plated. 
It’s a beauty to look at and a pleasure to use. Takes 
any blade from 8 to 12 inches. 


Most hardware dealers sell Starrett Tools—ask yours 
to show you frame No, 169. 


Also, write us for free copy of Catalog No. 23 “KF.” 


THE L. S. STARRETT CO. 
World's Greatest Toolmakers 
Manufacturers of Hacksaws Unexcelled 
Steel Tapes—Standard for Accuracy 

ATHOL, MASS. 


ett Tools 
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HAWKINS GUIDES 


3500 Pages 10 GUIDES $1 A VOLUME 
4700 Pictures | $10 complete |$1 A MONTH 


Give you a complete, practical working course in Electrical 
Engineering. Easy to study and apply. 

Every important electrical subject covered so you can 
understand it. 

Books are pocket size; flexible covers. Order a set to-day 


to look over. 
LEARN ALL ABOUT 


Magnetism—Induction—Experiments—D ynamos—Electric 
Machinery— Motors—Armatures—Armature Windings—In- 
stalling of Dynamos—Electrical Instrument Testing—Prac- 
tical Management of Dynamos and Motors—Distribution 
Systems—Wiring— Wiring Diagrams—Sign Flashers—Stor- 
age Batteries—Principles of Alternating Currents and Alter- 
nators—Alternating-current Motors— Transformers— Con- 
verters— Rectifiers — Alternating-current Systems—Circuit 
Breakers—Measuring Instruments—Switchboards—Wiring 
—Power Stations—Installing Telephone—Telegraph— Wire- 
less — Bells — Lighting — Railways. Also many Modern 
Practical Applications of Electricity and Ready Reference 
Index of the ten numbers. 


Shipped FREE 


Not a cent to pay until you see the books. No obliga- 
tion to buy unless you are satisfied. 

Send coupon now—to-day—and get this great help library 
and see if it is not worth $100 to you. You pay $1.00 a 
month for ten months or return. 


WaaNS 


THEO. AUDEL & CO., Publishers, 72 FIFTH AVENUE, NEW YORK 


Please submit for FREE EXAMINATION Hawkins Electrical Guides—10 
aera at $1.00 each. If satisfactory, | agree to remit $1.00 a month until 
paid. 
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AIN DRIVES 


SILENT 


100 H. P. Morse Silent Chain driving tube-mill unit in mill of 
Tonopah-Belmont Development Co., Tonopah, Nev. 


Driving 8 tube mills 
at ‘Tonopah 
with 98.6% efhiciency 


The Tonopah-Belmont Development Co., 
Tonopah, Nevada, like hundreds of other 
concerns throughout the country, are de- 
pending upon Morse Silent Chains for 
driving machines with top-notch efficiency. 


As shown by the illustration, each unit of 
two tube mills at Tonopah is driven by a 
100 H. P. motor, running at 570 R.P. M., 
the power being transmitted by Morse 
Silent Chains. Two chain drives are 
required for each unit, one for connecting 
the motor to a countershaft, and the other 
for connecting the two countershafts 
together. 


Morse Silent. Chains are the kind of 
power drives that industrial and other 
plants can install with confidence. For 
complete information get in touch with 
the nearest Morse Engineer. 


MORSE CHAIN CO., ITHACA, N. Y. 


There is a Morse Engineer near you 


Atlanta, Ga. Cleveland, Ohio Philadelphia, Pa. 

Baltimore, Md. Denver, Colo. Pittsburgh, Pa. 

Boston, Mass. Detroit, Mich, re hdr -7 Cal. 

Charlotte, N. C. New York City Wacaabat eng: 

Chicago, Ill. Minneapolis, Minn. Winnipeg, Man., Can. 
2172-30 


TTT 


. Say you saw it advertised in the GENERAL ELectric REVIEW 


MARCH, 1925 GENERAL ELECTRIC REVIEW 15 


For Sale 
Skill and Experience 


PON no one feature depends the sale of Buffalo 
equipment for the power house. We do not base 
our claims to supremacy upon a nicely proportioned 

fan housing, a special type of bearing, a high efficiency, or 
great reserve strength, although we can show all of these. 

Rather, we sell skill and experience; manufacturing and 
servicing ability and design; long life and reliability. 

In buying forced and induced draft fans and generator 
coolers these things are far more important to the user 
than the individual features which our equipment 
possesses. 

This explains to a large extent why many of the 
largest power plants in the world use 


0 Mechanical 
Draft Apparatus 


A line on your letterhead will bring a copy of our 
interesting new catalog. 


BUFFALO FORGE COMPANY 


170 Mortimer St., Buffalo, N. Y. 


Friction 
Reduced 


RICTION was reduced 34% 
when one plant standardized on 
| Keystone Grease. Such facts make 
it easy to understand why users 
report that Keystone Grease saves 
from three to four times its cost. 


Keystone Grease is a pure petro- 
leum product, made in various 
densities. It is as honest a lubricant 
as can be made and we guarantee it 
to reduce your lubricating cost, at 
least, 10%. 


The Keystone Lubricating Co. 
Est. 1884, Philadelphia, Pa., 


At 21st & Clearfield Sts. 
nave Nl 
S. Pat. Off. 


0 
GREASE 


MARK 
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aN Co hn tT) 
Control Gear 
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KEEPING ELECTRICITY AT WORK 


When we deal today with electrical insulat- 
ing materials we have available some 600 
or more distinct kinds. Classified, these 
materials present a wide range of character 
as they include gases, insulating and finishing 
varnishes and oils, mineral insulating oils, 
filling and treating compounds, asphalts, 
enamels and paints, spirit varnishes for 
sticking and pasting, porcelain, quartz, 
refractory ceramic materials, vitreous enamels 
and glazes, glass, slate, molded compound 
insulations of wide variety, rubber, mica, 
asbestos, treated and untreated cloths, cotton, 
canvas, silk, paper of many kinds, press- 
board, fibre, and wood, and still the list is 
far from complete. All of these serve the 
function of supporting and insulating electri- 
cal conductors in the many and varied forms 
of electrical apparatus and devices which so 
largely fashion our present daily life; and it is 
upon their ability to resist mechanical and 
electrical forces that the continuity of electric 
service is dependent. 

- In the design of the tiniest pocket flashlight 
lamp, or the highest voltage transmission line 
extending for miles over mountain, plain, and 
valley, electrical insulation occupies a most 
important part. The electrical designing 
engineer is not only confronted with the 
problem of arranging electrical conductors 
into proper configurations to produce a 
desired result, but he must provide for 
supporting them in a structure which is 
mechanically strong. The electrical insula- 
*tion itself may act as the supporting medium, 
or it may act as a separator between the 
electrical conductors and a metallic structure 
in which they are embedded or to which they 
are connected. In either case, both mechani- 
cal and electrical forces are exerted upon the 
insulating material. 

The underlying principles of design to 
resist mechanical forces are well founded from 
long experience in the design of structures. 


The evidence of mechanical failure is usually 
present and may be found upon examination 
of the shape and size of the faulty section and 
from the appearance of the fracture. The 
remedy is likewise usually apparent. The 
evidence of electrical failure, on the other 
hand, is not so susceptible to logical deduc- 
tions of cause. More often than otherwise 
the electrical failure presents a _ charred 
mass with all evidence as to its origin oblit- 
erated. The basic elements of design to 
resist electrical forces must therefore be 
dependent upon a fundamental knowledge 
of the mechanism by which electrical insula- 
tion fails. 

The article by Mr. F. M. Clark in this 
issue is a word photograph of the contribu- 
tions made during the past decade to the 
knowledge of the mechanism of electrical fail- 
ure in high-voltage gaseous dielectrics. One is 
awed at the volume of these contributions to 
the subject. From them, the principles 
which have already been incorporated into 
the design of electrical apparatus have been 
far reaching and are a substantial factor in 
the resulting efficiency and durability of 
the electrical apparatus of today. But as 
effective as these contributions have been, 
there are still many unanswered questions 
which require that there be continued 
investigation of the problem. 

In this study the co-operation of the 
laboratory engineer, designing engineer, manu- 
facturing engineer, and operating engineer is 
essential. The results of experiment must 
be translated into useful terms which can be 
applied to the design, manufacture, and 
operation of electrical apparatus. On the 
other hand, the problems encountered in 
design, manufacture, and operation must be 
made clear to the laboratory engineer. The 
ever-increasing effectiveness of this co-opera- 
tion predicts a more productive and successful 
future. E. S$. LEE 
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Chicago’s $2,000,000 Extension to Its Municipal 
Street Lighting System 


By Joun T. MILLER 


COMMISSIONER OF GAS AND ELECTRICITY, CITY OF CHICAGO 


Residential street lighting presents a problem very difficult of solution because of the many and con- 
flicting factors to be satisfied. The following article describes an ideal solution worked out on an unusually 


large scale. 


The design of the equipment is artistic and the sides of the streets are not cluttered with posts. 
The daytime appearance is pleasing and the units are subordinate to the foliage in summer. 


High intensity 


is secured at street intersections, sufficient intensity at alley-ways, and adequate illumination elsewhere. 
The design of the system embodies simplicity, and labor-saving features were introduced to make the con- 


struction expense relatively small. 


The lamp circuits are subjected to low potential only; the failure of one 


circuit does not result in dangerous potentials nor does it leave a large area of streets unlighted; and the main- 
tenance is reduced to a minimum by the simplicity of the designs chosen.— EDITOR. 


The city of Chicago has grown so rapidly 
that the privately controlled public utilities 
with their broad visioned expansion policies 
have only with the greatest difficulty found 
themselves able to finance the necessary 
extensions to keep abreast of the city’s 
natural developments. As the result, the 
public has within the past few years been 
awakened to the situation, and has to a 
rather liberal extent authorized the bond 
issues necessary to make such improvements 
possible. 

In 1922, the Department of Gas and 
Electricity was authorized to expend $2,000,- 
000 to extend the street lighting system. 

The most pressing problem that confronted 
the Department in this matter was that of 
providing an adequate form of street illumi- 
nation in the outlying residential districts 
which had been fully developed and long 
since provided with all other improvements. 
A preliminary survey showed that there 
were approximately 30 square miles of such 
territory that justified the installation of a 
modern electric street lighting system. This 
resolved itself into the proposition of attempt- 
ing to take advantage of the latest develop- 
ments in the street lighting art and to fit 
them in with an existing street lighting 
system and a personnel organization that 
probably has no parallel in any other city. 

Chicago’s municipal street lighting system 
prior to these latest additions consisted of 
56,000 electric lamps of various types from 
100 to 1000 c-p., illuminating 100 square 
miles of territory, and for which the city has 
made a capital investment of approximately 
$10,000,000, and spent in operation and 
maintenance during the past 14 years approxi- 
mately $15,000,000. There are close to 400 
men engaged in the care, maintenance, and 
operation of this system. Its connected 
load is 13,000 kw. and its yearly consumption 


approximately 52,000,000 kw-hr. Its energy 
cost alone during the year 1924 amounted to 
$448,000. 

The first point of attack that was decided 
upon was to secure from all available sources 
first-hand information on the most modern 
type of residential street lighting that could 
be provided to meet Chicago’s conditions. 
The original step in this respect was to arrange 
an inspection tour of other cities which was 
made by the writer and a group of engineers 
representing the City of Chicago. Visits 
were made to Cleveland, Detroit, Buffalo, 
New York City, Boston, Philadelphia, Balti- 
more, Washington, Milwaukee, Minneapolis, 
St. Paul, St. Louis and other cities. Night 
and day inspections and studies of the lighting 
effects obtained by the various designs of 
systems were made together with inquiries 
concerning the illuminating effect, investment 
cost, operating and maintenance cost, and 
discussions were held with municipal and 
public utility officials on present and future 
plans for extension. Extensive conferences 
were held with the illuminating engineering 
talent throughout the country and with 
illuminating engineers of the leading manu- 
facturers of street lighting equipment and 
accessories. Various new devices, units, and 
equipment in the process of development 
were carefully examined. 

With the general and detailed information 
gained from these sources, it was intended 
to work out a design of system that would 
adequately solve Chicago’s residential lighting 
problem. 

A full consideration of all the limitations, 
conditions, and requirements affecting the 
selection of a residential street lighting system 
for the city of Chicago necessitates careful 
weighing of advantages and disadvantages of 
units and equipment, and some compromise 
from a system theoretically designed to give 
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perfect illumination. The standard city 
block arrangement in the residential districts 
to be lighted is shown in Fig. 1. 

Chicago blocks are extensively provided 
with alleys which is not the case in the blocks 
of most other cities. These alleys, while 
forming a great convenience for the delivery 
of goods, coal, hauling away garbage and 
ashes, and for entrance to private garages, 
afford good lurking places in which to com- 
mit the crime prevalent in large cities. It is 
therefore imperative to light their entrances 
to the street by placing lamp units at the 


Street 


War eae 
Street 


1 ae 


aoa. | 5 30 Ft. 
Line 


Fig. 1. Layout of Residential Block, Showing Location 
of Lamp Units at A, B and C 


alley intersections, as indicated by the des- 
ignations A in Fig. 1. These units will 
illuminate the alleys, and the placement of 
the units is arbitrary to give the greatest 
protection to the pedestrian walking along 
the sidewalk of the street. At the inter- 
sections of streets the necessity of providing a 
higher intensity of illumination to minimize 
automobile collisions and danger to pedes- 
trians determines the placement of two units, 
indicated as B in Fig. 1. An additional 
advantage is afforded by the use of two 
units for, with the improbability of two 
lamps burning out simultaneously, there is 
small likelihood of the street intersection 
being placed in darkness as would be the case 


if only one unit were used. By placing a 
third unit marked C in Fig. 1, a system 
comprising five lamps to the block is obtained 
giving maximum effect at the street inter- 
sections, light protection at the alleys, and 
lesser but sufficient distribution in the other 
portions of the block. Believing that a system 
embracing these fundamentals was the correct 
solution to the residential requirements, 
experimental test installations were made to 
check the conclusions and determine the 
selection of other elements of the system. 

Several installations of a block each were 
made using 250-c-p. 6.6-amp. series-burning 
lamps, spaced in the manner as shown in 
Fig. 1. Among these installations were 
included: 

(a) Novalux Ornamental Lantern Units, 
Form 23-A, with 8%-in. Holophane 
Prismatic Dome Refractors. One 
block of these units was mounted 
on Union Metal No. 1298 lamp 
standards, and a second block on 
concrete lamp standards of the 
“Chicago Beautiful’ type. The 
mounting heights were 12 ft. 6 in. 

(b) Octagonal Junior Reflectolux Lanterns. 
One block was installed with re- 
flectors only and mounted on cast- 
iron lamp standards, and one block 
with Bilux refractors mounted on 
concrete lamp standards having a 
precast foundation. The mounting 
height was 12 ft. 6 in. to the light 
source. 

(c) Holophane Refractors No. 4937 having 
a mounting height of 12 ft. 6 in. to 
the light source. 

(d) Installations of rippled glass globes of 
the Novalux design, special ball 
globes of the ‘‘cased’’ glass con- 
struction, and other adaptations and 
modifications. 

The experimental installations were com- 
pleted for the most part early in December, 
1923, and were placed in continuous operation 
throughout the winter and spring. Com- 
parative photometric tests were made under 
various weather conditions. 

Because sections of the system to be chosen 
for the extensions would be interspersed with 
sections of an already large existing system, 
much time and study was given to the careful 
consideration of maintenance and operation 
details to permit economic absorption into the 
existing system of substation equipment, 
lamps, globes, cables and _ transformers. 
The method of cleaning globes, renewing and 
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replacing lamps, patrolling the system for 
outages, already highly organized, should be 
capable of economic application to the new 
system. Detail equipment such as sockets, 
receptacles, and other accessory fittings and 
appliances should be standard with the 
existing system if possible. 

All improvements resulting in a possible 
saving of construction labor and labor of 
maintenance and operation should be in- 
corporated. Any improvements made or 
selected should be capable of application to 
a rehabilitation of the already existing system 
without prohibitive expense. In conclusion, 
the new system chosen should represent the 
latest economic development in the art; 
provide illumination sufficient for the purpose 
intended; show a marked saving in con- 
struction, maintenance, and operation over 
previous systems; meet any new conditions 
that have arisen; and be so _ designed 
as to permit incorporating future improve- 
ments without nullifying the original invest- 
ment. 

The lamp post shown in Fig. 2 was adopted 
as the standard for use in residential districts. 
The post was designed by the Department of 
Gas and Electricity and is of concrete con- 
struction. It is 10 ft. 8 in. high and 18 in. 
wide at the base. Several distinctive features 
are embodied in its design and construction. 
To form the raceway for the circuit cables, a 
two-inch iron pipe is cast longitudinally in the 
center of the concrete post. The bottom end 
of the pipe is. screwed into a three-armed 
malleable-iron spider, the face of which is 
flush with the bottom of the concrete post, 
and the arms project beyond the edge of the 
base of the post. The post is bolted to its 
foundation through holes at the ends of the 
arms of the spider. 

Fig. 3 shows the spider in the base of the 
post. At the top of the post, the two-inch 
iron pipe projects one inch above the concrete 
and is threaded to receive the globe holder. 
In Fig. 2 the globe holder has been screwed 
into position. Previous designs of concrete 
posts have been restricted to rounded surfaces 
of large curvature because of the manu- 
facturing difficulties experienced in casting 
concrete. However, by the use of properly 
designed, accurately machined, cast-iron 
moulds it has been possible to produce a 
fluted base and other surfaces that give an 
artistic concrete post of pleasing and har- 
monious form. The use of a concrete pdst 
eliminates the painting item from the main- 
tenance cost. 
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To support each lamp post, a concrete 
foundation 28 in. in diameter and 42 in. 
deep is poured, using only the earth wall as a 
form. At the time of pouring, a two-inch 
iron-pipe bend and three foundation bolts 
are held in position by a template and cast 
into the foundation. The foundation top is 
placed two inches below the grade of the curb 
and the center of the foundation is placed 
36. in. from the inside edge of the curb, to 
reduce to a minimum the possibility of having 
the lamp posts struck by automobiles and 
trucks. 


Fig. 2. Concrete Lamp Post for Use in 
Residential Districts | 


Fig. 4 shows the completed foundation 
which is allowed a drying period of not less 
than 20 days before the lamp post is erected 
upon it. Fig. 5 shows a lamp post bolted to 
its foundation; and Fig. 6 shows the cement 
grouting applied to cover the exposed bolts 
and ends of the spider. 

This method of construction has a distinct 
advantage over a post with precast and 
attached foundation in that it permits the 
foundation work to be done without delay 
while the posts are in the process of manu- 
facture, and from the maintenance stand- 
point permits the replacement of a damaged 
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Fig. 3. Malleable-iron Spider Cast in Base for Bolting Fig..4. Completed Lamp Post Foundation, Showing End 
the Post to Its Foundation of Iron-pipe Bend and Foundation Bolts 


Fig. 5. Lamp Post Bolted to Its Foundation Completed Lamp Post Base with Bolts and 
Ends of Spider Concealed 
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Fig. 7. 


Day View of One of the New Completely 


Assembled and Installed Residential 


Lighting Units 


Fig. 8. Assembly of 250-c-p. Series-burning 6.6-amp. 


M 


Fig. 9. 


azda Lamp, Socket, Receptacle, and 
Base Casting 


Socket, Receptacle, and Base Casting 
Shown Assembled in Fig. 8 
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post under all weather conditions without 
disturbing the foundation, and _ therefore 
promotes speed of restoration with minimum 
cost. 

The post-top lamp fixture, housing a 
250-c-p. series-burning 6.6-amp. Mazda lamp, 
is shown in Fig. 7 completely assembled and 
mounted on the post. The lower part is an 
aluminum casting of natural finish and is 
screwed on the extension of the two-inch pipe 
at the top of the post. Fig. 8 shows the lamp, 
socket, receptacle; and casting assembled; 
and Fig. 9 shows the separate casting, socket, 


Fig. 10. Completely Assembled Post-top 
Lighting Unit 


and receptacle casting. Fig. 10 is a photo- 
graph of the completely assembled post top. 
The globe is of rippled glass and is a departure 
from the standard Novalux type in that the 
bottom of the globe has a greater curvature, 
effecting a greater distribution of light im- 
mediately adjacent to the base of the post. 
The top canopy is an aluminum spinning of 
natural finish and designed to support 
possible future improvements in the form of 
reflectors or refractors that may become 
economically available. The adoption of this 
type of fixture will permit the renewing of 
lamps and testing for trouble with the simple 
removal of the canopy, and probably will 
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be a factor in decreasing the breakage of 
glassware since the globes will not need to be 
disturbed. 

Approximately 25 lamps are connected 
together by 600-volt, No. 8 B.&S. gauge, 
solid-copper, single-conductor, lead-covered, 
jute-covered cable laid in trenches dug in the 
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parkways adjacent to the curb, and passing 
through two-inch iron-pipe laterals installed 
beneath the surfaces of the streets, alleys, 
and sidewalks, and then passing through and 
up the lamp posts to form a continuous 
series circuit known as the secondary or 
“sroup’’ lamp circuit. The insulation on the 


Group No. 5 
_ Cir suit cata 


aL ON ATL. 


O Lamp Post 


—— 600Volt Parkway Cable 


L.\Group No. a 
-RJ Circuit No.104 


oO Manhole 


= Transformer ——5000Volt Stee| Taped Cable 


Fig. 11. 


Working Drawing of a Typical Section of the Parkway Cable Installation, 


Showing Layout of the Lamp Circuits 
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cable is a ¢-in. thick wall of 30 per cent 
Para rubber, taped and encased in a lead 
sheath having a ;;-in. thick wall of com- 
mercially pure lead. The lead-covered cable 
is run through a hot asphaltum compound at 
the factory, served with a layer of 70-lb. 
jute, and then treated with soapstone or talc 
to prevent sticking. The trenches are dug 
24 in. deep and of sufficient width to contain 
the cable or cables. Fig. 11 is a working 
drawing of a typical section of the parkway 
cable installation, showing various group 
lamp circuits. 

Each group lamp circuit terminates at the 
secondary winding of a 4.2-kv-a. series 
transformer. These transformers are of a 
one-to-one current ratio, having 6.6-amp. 
windings. Each transformer is equipped with 
a secondary-short-circuiting device which 
operates through the breakdown of a film at 
800 volts in case of an open secondary circuit 
other than individual lamp failure. Open 
circuits due to individual lamp failures are 
closed by the puncturing of the film in the 
lamp socket. One to four transformers are 
placed on individualconcrete piers in manholes 
which are located centrally with reference to 
the connected group lamp circuits. The 
large rectangles in Fig. 11 indicate the man- 
holes and the smaller solid rectangles within 
them indicate the transformers. The primary 
windings of seven transformers are connected 
together by 5000-volt, No. 8 B.&S. gauge, 
solid-copper, single-conductor, lead-covered, 
steel-taped, jute-covered cable laid in trenches 
adjacent to the curb and passing through 
two-inch iron-pipe laterals under the streets, 
alleys, and sidewalks to form a continuous 
5000-volt primary series circuit, as shown by 
heavy lines in Fig. 11. The insulation on this 
cable is a g3-in. wall of 30 per cent Para 
rubber; a 7g-in. wall lead sheath of com- 
mercially pure lead; a 3%-in. wall of 100-lb. 
jute yarn; two layers of steel tape of 30-mil 
steel; two layers of 100-lb. jute treated with 
asphaltum compound and then covered with 
soapstone or talc to prevent sticking. Four 
5000-volt primary circuits terminating at a 
distribution center are connected to an eight- 
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conductor lead-covered cable passing through 
underground conduits to the substation. 
Each substation receives 12,000-volt, 3-phase, 
60-cycle energy. The transformer banks, 
each bank consisting of three single-phase, 
250-kv-a. transformers, connected 12,000- 
volt, 3-phase, delta on the primary side and 
5050-volt, 3-phase, 4-wire star on the second- 
ary side, provide the energy for the street 
lighting circuits. Each street lighting circuit 
is single-phase, with 5050 volts between phase 
and neutral, and each circuit substation 
equipment ‘consists of an oil switch with 
overload and no-voltage release, ammeter, dis- 
connecting switches and impedance regulator 
adjusted for a constant current of 6.6 amp. 

The work of construction and installation 
is being done both by contract and by the 
city of Chicago’s day labor forces. After 
receiving several bids from various contractors 
on the different portions of the work, a decision 
was made to install 2442 units by contract in 
the westerly part of the city and the remaining 
4108 units in the north and south parts of 
the city by the city of Chicago’s own day 
labor forces. 

The work was divided into its component 
parts, specialized gangs organized, and equip- 
ment arranged to produce the maximum 
speed of installation consistent with economy. 

Work was started on July 29, 1924, and on 
December 31, a period of five months, 90 per 
cent of the construction work was completed; 
1824 units were in service on December 31 
and the remaining 4726 units were scheduled 
for service before March 1, 1925. 

In conclusion, the author wishes to extend 
to those associated with him in this work 
credit for their valuable assistance: Mr. J. 
C. Hail, Deputy Commissioner of Gas and 
Electricity; Mr. F. H. Snyder, Operating 
Engineer of the City Electrical Department; 
Capt. F. H. Cenfield and Mr. C. A. Reeder of 
the City’s Council Technical Staff; together 
with the various other engineers and manu- 
facturers’ representatives who co-operated 
diligently in making this extension to 
Chicago’s street lighting system entirely 
fulfil its requirements. 
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Observations of the Total Solar Eclipse Made by the 
Electric Companies in and Around New York 
City, January 24, 1925 


For the first time in the history of the United States her largest city, New York, was this winter visited by 
a total eclipse of the sun. While it is natural that every citizen should have made an effort to observe this great 
phenomenon for himself, the data of real value came from organized research that was conducted at the same 
time. One of the achievements, noteworthy because of being the first of its kind, was the making of several 
types of observations by members of the local electric service companies, following the inspiration of John W. 
Lieb, Vice-President of the New York Edison Co. One study was made to determine the location of the 
shadow’s edge and another the effect of the eclipse on the lighting and power loads. From data furnished by 
the companies taking part, we are here presenting a description of how the investigations were conducted and 
a record of the results obtained. In addition to the worth of the information thus secured, the work affords an 
excellent example of the co-operation which public utility companies offer in matters of general public interest 


even though productive of no revenue to themselves.—EpITor. 


The long and narrow strip on the earth’s 
surface within which the total eclipse of the 
sun was visible last January fell partially 
across the territory where electric light and 
power service is rendered by the New York 
Edison-United Companies, and allied elec- 
tric utilities. 

While the astronomical and other scientific 
features of the eclipse were being investigated 
and recorded under the auspices of authorities 
having specialized knowledge in those several 
fields, it was felt that there would also be 
interest in some of the industrial and social 
aspects of the extraordinary phenomenon as 
affecting the light and power services in the 
vicinity of New York City. To gain such 
information, it was decided that the allied 
electric utility companies should be thor- 
oughly organized into committees operating 
in the various zones for the definite purpose 
of obtaining all practicable data as to the 
effect of the eclipse on the load carried by the 
several stations and substations, the exact 
determination of the zone of totality, photo- 
metric determinations of light intensities dur- 
ing the several phases of the eclipse, the 
provisions necessary for adequate street and 
highway lighting, etc. 

The co-operating companies in this in- 
vestigation were the: 

Bronx Gas & Electric Co. 

New York & Queens Electric Light & 
Power Co. 

Northern Westchester Lighting Co. 

Peekskill Railway & Lighting Co. 

New York Edison Co. 

United Electric Light & Power Co. 

Yonkers Electric Light & Power Co. 

Westchester Lighting Co. 


Determining the Limit of Totality 

The New York Edison Company assigned 
its Test Department to co-operate with the 
Astronomical Society in an effort to establish 


as exactly as possible the southern edge of the 
shadow of totality as it crossed Manhattan 
Island in New York City. The location of the 
totality limit was, from calculation, expected 
to lie across the Island at about 110th Street 
and a variance of a mile either way was felt 
to be not improbable. 

Two independent methods were proposed 
for observing and checking the edge of the 
shadow, as follows: 

(a) The placing of a line of observers at 
right angles to the edge of the shadow, so 
stationed as to look out over an expanse on 
which they might see the oncoming shadow 
and report whether the line of division be- 
tween shadow and light lay to the right or to 
the left of their positions. 

(b) The placing of another series of 
observers on a line at rightanglesto the edge of 
the shadow, equipped with screens for directly 
observing the sun. The members of this 
group could be expected to report whether 
they observed a total or only a partial eclipse. 

Both methods were used to serve as checks 
on each other. Riverside Drive and West 
End Avenue (along the Hudson River) were 
selected as the most favorable line in which 
to station the majority of the observers. 
Accordingly, with the permission of the house- 
owners, 70 observation groups were stationed 
on roofs between 72nd and 135th Streets. 
Besides these stations paralleling the Hudson, 
three others were selected off the eastern edge 
of the Island. Two of these were on the con- 
necting bridge of the New York, New Haven 
& Hartford Railroad, and the other was on 
the property of the Astoria Light, Heat & 
Power Co. The exact location of all these 
stations is shown in Fig. 1. 

In all, 149 men were used for the survey. 
The group was organized around a nucleus of 
technically trained and experienced testers 
from the Test Department of the New York 
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Edison Company. The men were carefully north of the monument and that the south 
coached and instructed in their duties and side of the monument was lighter and lay in 
assigned in squads of two or three to specific the area of partial eclipse. It is interesting 
locations. to note that from the observations of the other 
A watch, checked to standard time by com- 148 observers this man’s station lay seven 
arison with government signals from Arling- blocks south of the subsequently determined 
p g : y 
ton, was assigned to each squad. Each line of totality. 
watch was standardized on the evening The reports of the 75 ‘“‘b’’ observers who 
rior to the eclipse and again after the looked directly at the sun to report total or 
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Fig. 1. The heavy dash line marks the southern edge of the total eclipse shadow as it passed across Manhattan Island. 
Its location was determined from an elaborate survey in which many observers took part. They were stationed 
at the points indicated, and the legend at the lower right indicates the nature of their reports 
mA be? : 

The 74 ‘‘a’”’ observers who were instructed When these reports were spotted on the map, 
to look for the shadow on the surface of the it was at once apparent that a sharp and 
earth reported (with one exception) their definite line of demarkation was established 
inability to see the oncoming umbra, or to at 96th Street and Riverside Drive. The 
see a definite line of light and dark on the observer north of 96th Street saw the sun. 
river or the ground. The single exception was completely covered by the moon and _ his 
the observer located at 89th Street, who was report was consistently supported by the 
peculiarly placed with respect to the Soldiers’ 40 other observers to the north. The 
and Sailors’ monument on Riverside Drive observer south of 96th Street saw the sun not 
nearby. He reported that he could see the completely covered and his report was con- 


edge of the shadow definitely apparent to the sistently supported by the observers south of 


OBSERVATIONS OF THE TOTAL SOLAR ECLIPSE IN NEW YORK CITY © 153 


him, with the exception of the 89th Street man. 
From these results it may be definitely con- 
cluded that the line of totality fell between 
No. 280 and 240 Riverside Drive, thus 
establishing the position of the moon's 
shadow within the 225 ft. separating the 
observers on these buildings. 
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Fig. 2. Key Map to the Tertitories Covered by the 
Electric Companies Whose Load Diagrams 
Are Shown in Figs, 3 to 13 


Those in the three groups located on the 
eastern margin of Manhattan Island furnished 
data by which the edge of the shadow was 
determined to lie within a space of 750 ft. 
By joining these two points on the map the 
observed line of totality was found to be 
parallel to that predicted by calculations, 
thereby constituting an excellent check on the 
observations, 

Aside from the establishment of the line 
itself across the Island, which was one purpose 
of the investigation, three points of interest 
may be mentioned: 


Chin making this statement the report of the observer at 
S8Oth Street is excluded as being of doubtful accuracy. 


(1) The failure to see the coming of 
the shadow or to see it as it lay on the 
surface of the earth.” It is possible that the 
river-surface conditions of haze, the city 
conditions of smoke, steam, etc., and the 
relatively limited elevation of the observers 
above the surface of the earth may have been 
responsible for this failure. 

(2) The enormous contrast between even 
a minute sliver of the sun's disk and the light 
from the corona, which permitted positive 
and supported reports from observers located 
225 ft. apart, one reporting total and the other 
only partial eclipse. 

(3) The very close check between observed 
and computed results. A tribute is due to the 
astronomers who were able to predict the 
position of totality within a few hundred feet. 
This is made evident when it is considered that 
the shadow was cast by an object 280,000 
miles away, interrupting light coming 98,- 
000,000 miles and falling upon a_ surface 
moving through space at the rate of 18 miles 
per second, 


Station Load Measurements During the Eclipse 

The determining of the special load con- 
ditions resulting from the eclipse darkness was 
carried out by a group of men stationed at the 
various generating plants of the allied com- 
panies. In order that all readings might be 
properly co-ordinated, a special set of signals 
was adopted, which was sent out over the 
emergency signal system to all stations on 
this system, and was relayed to outlying 
stations over the load dispatcher’s private 
telephone wires. These private wires were 
consequently rendered unavailable for their 
usual purposes and operators were instructed 
to use public telephone service for emergency 
communication. 

Readings of total station load were taken 
during the morning at the following intervals: 


Before 8:00 and after 10:30 a.m.. 380 minutes 
From 800 to 9:00 a.m. and from 

Oa Cr LO) Gitlin ceeeia es 5 minutes 
Brom .9:00:to 9°26 ati cay weno 14 minute 


From these readings were plotted the charts 
shown on the following four pages. In 
general the curves indicate an increase in 
load with oncoming darkness, the peak 
being reached five to ten minutes after 
totality. This is an interesting fact, for it 
demonstrates that soon after the corona dis- 
appeared people tired of the eclipse and 
returned to their houses, making the load 
much heavier than for the equally dark period 
just before totality. 
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Fig. 4. Manhattan Island South of 8th Street as Served 
by the New York Edison Co. 


(Fig. 3.) The 25-cycle load supplies 
Manhattan south of 135th Street, while 
the 60-cycle load includes Manhattan 
above 135th, Bronx, Yonkers, Queens 
and Westchester County. Both loads 
were near normal until about 9:00, 
with peaks at 9:18. The 60-cycle load 
returned to normal 50 minutes after 
the peak load but the 25-cycle load was 
high until noon. 

The 60-cycle load is mostly resi- 
dential, and the curve shows a demand 
in accordance with the need for 
illumination, with a slight lag on the 
decline from the peak load. The 
25-cycle load is largely commercial, 
and this is shown in the much greater 
lag in the decline from the peak load. 
Evidently in many offices and stores 
where the lights were turned on during 
the period of darkness, they were not 
turned off for the rest of the morning. 
The minor peak in the 25-cycle load 
at 9:50 was due to the opening at that 
time of many stores which had _ per- 
mitted their employees to view the 
eclipse. The total eclipse load was 
27.3 per cent over normal at the peak. 


(Fig. 4.) The increase in the load on 
Manhattan Island, south of Sth Street, 
on the day of the eclipse corresponded 
to that of the preceding Saturday up to 
9:00 o’clock, from which point the load 
continued on a sharp increase to a 
maximum of 67,000 kilowatts, as 
compared with 57,500 kilowatts on the 
preceding Saturday, January 17th. 

The load began to fall off sharply 
at 9:40 after totality due to the turning 
off of lights by those who were in 
offices and industrial establishments. 
This decrease was checked and a sharp 
increase took place from 9:50 to 10:00 
o'clock, due possibly to the turning on 
of lights as on a normal business day 


‘by those who returned to their offices 


after being outside observing the 
eclipse. The peak load increase over 
normal was 16.5 per cent. 
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(Fig. 5.) The increase in the load on 
Manhattan Island between 8th and 59th 
Streets on the day of the eclipse was 
similar to that of the preceding Sat- 
urday, up to 9:00 o’clock, from which 
point the load continued to increase to i 
a peak of 121,000 kilowatts at 9:40. » 
In this district the increase continued 
to a maximum of 124,000 kilowatts as ___,, 
compared with 103,000 kilowatts on 1s 
the preceding Saturday morning. This “J 


load held for some time, falling off ,, | Vl) Whe ted York Fdiroa Go. 

only slightly up to 12:00 o’clock. os 2 load Diagram 
The failure to return to normal soon “* / l Between aes 

after the eclipse is the usual condition |} | ane Eehibye-sATURDAY JaNcaais3s ——— 
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tablishments. Increase, 20.9 per cent. Fig. 5. Manhattan Island Between 8th and 59th Streets 
as Served by the New York Edison Co. 


* * * 


(Fig. 6.) Manhattan Island between 
59th and 135th Streets is almost entirely 
residential. The lighting load increased 
steadily from 8:00 o’clock up to the 
maximum peak of 48,500 kilowatts, at 


9:20, as compared with 35,500 kilo- 
watts on the preceding Saturday. 
This fell off very rapidly, returning to 
normal at about 11:30 o'clock. The 11} he Re York. Edison Co, 
eclipse peak was 36.6 per cent above Precept 
normal. tet Between 59Wand 135" Street 
The reduction in the load following ECLIPSESJATURDAY JAN 2481935 = — 
the peak at 9:20 was more rapid in this 
part of Manhattan than in the other T! 40 50 80010 20 30 40 50 90010 2 30 40 gt a 20 30 40 50 110010 20 30 40 50 2000 20 30 
A.M. ime P.M. 


parts, due probably to the habit of 
turning off unnecessary lights in resi- 
dences more quickly than in offices and 
industrial establishments. Bane 


Fig. 6. Manhattan Island Between 59th and 135th Streets as 
Served by the New York Edison Co. 
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trict didnot comeuptothenormalload , 
of the preceding Saturday until shortly 
before the total eclipse when there was * 
a sudden jump, due to the darkness. 
Soon after totality the load fell to I S 
below normal where it remained for the 2S ; 
remainder of the morning. | 
This was probably due tothe fact that ° aa 
many of the smaller industries did not ice 
carry on their business as usual during 
that day. Nevertheless, the peak at we » ewe a » 


9 :20 was 27.3 per cent higher than Fig. 7. Bronx Borough as Served by the New York Edison Co. 
normal. and the Bronx Gas & Electric Co. 
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Manhattan Island South of 73rd Street as Served by 
the United Electric Light & Power Co. 
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Manhattan Between 73rd and 142nd Streets as Served 
by the United Electric Light & Power Co. 
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(Fig. 8.) The load for Manhattan 
south of 73rd Street the morning 
of the eclipse corresponded closely 
with the normal load of January 17th 
before 9:02 and after 10:10 o’clock. 
Beginning at 9:02, the load rose 
sharply to a maximum at 9:16, about 
five minutes after the point of greatest 
darkness, then gradually declined until 
it reached normal fifty-five minutes 
later. An increase of 19.4 per cent 
above normal was shown at the peak. 

The curve of the eclipse load exhibits 
no unusual phenomena in its rapid rise 
during the period of increasing dark- 
ness, and in its gradual decline after- 
ward. 


(Fig. 9.) The eclipse load for Man- 
hattan between 73rd and 142nd Streets 
began to ascend sharply at 9:00 o’clock, 
reached a maximum at 9:16, and then 
descended gradually till 9:35, when it 
was approximately normal. At about 
11:00 o’clock there was a large addi- 
tion to the load which remained on the 
lines for the remainder of the morning. — 

The fact that about two thirds of 
this district was within the zone of 
totality accounts for the large per- 
centage increase in load during the 
eclipse. The addition to the load at 
11:00 o’clock was probably due to a 
power demand, and has no great sig- 
nificance. The excess over normal at 
peak load was 41.2 per cent. 


* * * 


(Fig. 10.) Inthe Manhattan district 
between 142nd Street and Spuyten 
Duyvil there was a large increase in 
load over normal between 8:35 and 
9:03, then an exceedingly sharp in- 
crease until the maximum load was 
reached at 9:17 o’clock, when the 
demand was 80.7 per cent in excess of 
normal. The decline in load after 
totality extended over a period of a 
little more than an hour, when the load 
became nearly normal. 

This district was entirely within 
the zone of totality, which accounts for 
the great increase in peak load over 
normal. 
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(Fig. 11.) The load in the Yonkers 
district did not reach the normal load of 
the preceding Saturday at any time 
during the morning although a small 
peak appeared about 9:22. There was 
a 3.7 per cent decline from normal. 

This was probably due to the fact 
that the industries in Yonkers did not 
open as usual, and that the peak at 
9:22 was due entirely to a small portion 
of the lights in residences being turned 
on by people returning to their homes 
and offices after viewing the eclipse. 


(Fig. 12.) The load in Queens Bor- 
ough began to rise sharply at 9:03 and 
reached a maximum at 9:17, showing 
a 31 per cent increase over normal. 
It remained considerably above nor- 
mal for the remainder of the morning. 

The load in Queens Borough is 
largely commercial, and as a result 
many of the lights which were turned 
on during the period of darkness at 
totality were not turned off again 
during the morning. 


(Fig. 13.) The increase in the eclipse 
load of Westchester County began at 
8:40 and ended with a maximum of 
12,456 kilowatts at 9:20 o’clock. The 
decline in the load continued until 
about 9:50 when the load became ap- 
proximately normal. 

This curve exhibits no unusual 
changes in its rise to the peak, and in 
its fall after totality. The increase 
was 32.5 per cent. 
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High-voltage Dielectric Characteristics of 
Gaseous Insulators 


By Frank M. CLARK 
Puysicist, HiGH VOLTAGE LABORATORY, GENERAL ELECTRIC COMPANY 


The day may not be far distant when every town and hamlet from the Atlantic to the Pacific will be 


included within great inter-connected electric-power networks. 
Considerable growth in these respects will, for reasons 


their generating capacity and extending their lines. 


Power systems are continually increasing 


of economy, necessitate the use of a higher scale of operating voltages. Thus insulation becomes a paramount 
factor, in consequence of which we must become better acquainted with the physical and chemical mecha- 


nisms by which insulators do their work. 


We are here presenting a resumé of the high-voltage dielectric 


properties of gases. While the discussion enters into the realm of electron physics, the subject is presented 
in so simple a manner that a previous knowledge of the technical elements is not needed for its ready 


understanding.—EDITOR. 


The real foundation of the electrical 
advances of the future must be’ a more 
thorough understanding of the phenomena 
accompanying insulation failure. Because of 
the rapid strides of the past decade toward 
higher and higher transmission voltages, 
some of the most serious problems arising 
are those dealing with dielectric behavior. 
The present article is an attempt to outline 
in a general manner the progress which 
has already been made in the investigation of 
the properties and laws of gaseous dielectrics, 
together with a discussion of the various 
explanatory theories that have been sug- 
gested. 


Definition of Dielectric 

Materials may be divided electrically into 
two groups, those which conduct and those 
which do not. The former class contains all 
those substances which, when placed in an 
electric field, permit the movement of the 
charge leading to the complete elimination 
of the field itself. Hence, there can be no 
static condition involving an electric field 
within a conductor. However, when charges 
are separated by a member of the second 
group, a non-conductor, their free movement 
is prevented and the electrostatic field may 
therefore persist permanently in the medium. 
This class of substance is designated as a 
dielectric. In a conductor, the existence of 
free electrons is generally assumed, the 
ability of a substance to conduct being 
determined by the frictional resistance to 
their movement. In a dielectric, on the other 
hand, the electrons are firmly attached to the 
component molecule. When placed in an 
electric field, this class of substance may and 
probably does suffer an electronic displace- 
ment giving polarity and subsequent molec- 


ular movement but, in the absence of free 
electrons, no motion of the charges leading 
to the elimination of the field is per- 
mitted. 

As might be expected in practice, no sharp 
distinction between conductors and dielectrics 
is possible. Theoretically even an ideal 
dielectric remains an insulator only so long 
as the attraction between an electron and its 
nucleus exceeds the strength of the imposed 
electric field or its resultant effects; in other 
words, only so long as the electronic displace- 
ment due to the applied stress does not | 
exceed what might be termed the ‘‘elastic 


‘limit.”’ Actually, all dielectrics break down 


under a relatively low electric stress. These 
facts have gradually led to the belief that 
the ideal dielectric does not exist, but that 
the distinction between insulators and con- 
ductors is merely one of degree. On this basis 
a dielectric is defined as a highly resistant 
conductor. Thus, in such materials, when 
subjected to stress, considerable electric 
energy is transformed to thermal energy. 
This would lead to greater conductivity and 
heat generation following the laws of metallic 
conductors until the point where the frictional 
electronic resistance characterizing the 
original material is reduced to an extent that 
the insulating properties are lost. This 
explanation has led to considerable progress, 
especially in the field of solid, organic insu- 
lators. 

In a discussion of dielectric phenomena, the 
subject matter falls naturally into three 
groups—the characteristics of gaseous, liquid, 
and solid materials. Gaseous insulators have 
furnished a fertile field of research, offering 
as they do a chemically simple material 
whose purity can be known and easily varied 
at will. 
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Behavior of Gases Under Electric Stress 

As a result of the continual improvements 
in high-voltage apparatus and line insulators, 
the value of transmission potential has been 
gradually increasing until a point has been 
reached where the dielectric strength of air 
has become one of the important factors in 
power transmission. Corona losses constitute 
a factor which cannot be ignored in the 
practical use of high voltages. For this reason, 
the problems of corona have been and still are 
occupying considerable of the attention of 
research physicists and engineers. 


which are entirely covered by the bluish 
white glow. With direct current, the positive 
Wire seems covered with the characteristic 
luminosity, the negative presents a tuft-like 
appearance. As the voltage is slowly increased, 
the luminous area and hissing sound become 
more and more pronounced, until such a 
point is reached that a spark strikes over 
between the conductors at some chance 
spot. The appearance of corona is accom- 
panied by considerable energy loss as can 
be detected by a wattmeter inserted in the 
circuit. 


Fig. 1. Méillion-volt Three-phase Arc Between Sharp Points Spaced Nine Feet Apart. 
Discharges of this character show an infinite variety of pattern 


When a difference of potential is applied 
between the clean smooth conductors of a 
transmission line separated in air by a distance 
equal to several times the radius of the wire, 
the first evidence of change is the appearance 
of a pale, violet glow surrounding the wires. 
If the voltage be gradually increased, the 
luminosity increases, accompanied by a slight 
hissing sound. The luminosity itself is called 
the visual corona, the voltage corresponding 
to its appearance being termed the critical 
visual corona point. After the corona potential 
has been applied for a short time, a tuft-like 
appearance may be noted along the wires, 


On the other hand, if the conductors are 
placed close together, separated by an air 
space comparable to the radius of the con- 
ducting wires, the first appearance of change 
to be noted with increasing voltage is a sudden 
sparkover, without the formation of corona. 
Between the two extremes of spacing lies 
the point where corona and sparkover appear 
simultaneously. Sparkover may be described 
as the electric discharge through a gas between 
two metallic electrodes. Corona, therefore, is 
merely an electric discharge through a gas in 
which the gas itself acts as one of the elec- 
trodes. 
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Of what does this corona luminosity 
consist? What has happened in a gas, which 
suddenly has changed from an apparently 
complete insulator to a conductor allowing a 
vigorous spark discharge? The fact that the 
gas has become a conductor indicates the 
formation of gaseous ions or free electrons 
resulting in a phenomenon comparable to 
electrolytic or metallic conduction. Chemi- 
cally, a change is obvious. Whenever voltage 
is increased on conductors in air, the pecu- 
liarly characteristic odor of ozone becomes 
evident with the appearance of the luminous 
discharge. Upon further increasing the volt- 
age, the presence of the various oxides of 
nitrogen can be detected in the residual gas. 
If direct current is used and the negative wire 
is examined after a luminous discharge, it will 
be found that the wire will present a more or 
less evenly spotted appearance (Fig. 2). 
The bright spots are still polished and 
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attempts have been made to explain gaseous 
breakdown under stress as a function of the 
electrode materials. Such researches have 
been given stimulus by the experiments of 
Elster and Geitel,® who found that charged 
negative particles were emitted by metals 
under the influence of ultra-violet light and 
by the more positive metals even under 
exposure to daylight. Rhubidium, potassium, 
sodium, lithium, magnesium, thorium and 
zinc were found to be in the latter class, 
emitting negatively charged particles on 
exposure to light in the order named. Copper, 
platinum, iron, cadmium, carbon and mercury 
were also investigated, but the effect of light, 
if any, was too small to be measured. An 
important phase of these experiments is the 
fact that when the metals, before exposure 
to the light rays, are coated with a non-photo- 
electric film of a liquid such as water, the 
emission of negative particles is eliminated. 


Fig. 2. Section of ‘‘Dead’? Wire. The bright spots indicate the location of the negative ‘‘beads” (Peek!) 


correspond in position to the negative tufts 
which have been noted in the luminous 
discharge. Apparently then, the discharge 
at the negative wire has been accompanied 
by the throwing off of metal or metallic oxide 
particles, the dark spots being oxidized areas 
resulting from the action of the activated 
oxygen formed during the electric stress appli- 
cation. It has been estimated by the Bureau 
of Standards,” that, during the tests of solid 
insulation in air, accompanied as it is by 
luminous gaseous discharge, about 0.2 of 1 part 
per million of nitrogen oxides and from 2 to 
10 parts per million of ozone are produced. 


Effect of Electrode Material 


In view of the fact that metallic con- 
ductivity is dependent upon the presence of 
free electrons held electrostatically in the 
metal body, according to the electron theory 
of conduction, it is not surprising that many 


(4) pele au of Mines. 

(?) Wied. Ann. 38-40, 497 (1889); 41-161 (1890); 42-564 
(1891) ; 43-225 (1892); 52-433 (1894); 55-684 (1895))> 

3 Comptes Rendus, 175-577 (1922). 

(4) Phil. Mag. (6)—-10-617 (1905). 


Despite the large amount of research that 
has been carried out with the purpose of 
determining the dielectric strength of gases 
as a function of the electrode materials, no 
such relation has been found.to occur under 
ordinary circumstances, with the possible 
exception of Al, Mg and the alkali metals. 
Under reduced gaseous pressure, Holst and 
Osterhuis®) claim to have detected a consider- 
able effect with the use of a cathode of 
magnesium or the alkali metals. This effect 
they have found particularly important in 
the case of the inert gases of the helium 
family. Upon such results, these authors 
have founded an interesting theory of gaseous 
sparkover which we shall later review. It is 
interesting to note, however, that the elec- 
trodes with which Holst and Osterhuis obtain 
their greatest effect are those which were 
found by Elster and Geitel® to discharge the 
largest amounts of negatively charged particles 
under the photo-electric influence of light. 

Hobbs has reported that when the elec- 
trodes are separated by distances of the 
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order of the wavelength of sodium light, the 
effect of varying the electrode materials is 
pronounced. The sparking voltage under 
these conditions is determined by the metal 
of which the plates are made and not by the 
nature or pressure of the gas between them. 
In this case it seems possible that the spark 
discharge is carried by corpuscles drawn 
from the metal and not produced from the 
gas itself. 

Table I gives in part the results obtained 
by Hobbs and shows the relationship for 
electrodes separated at a distance of about 
three wavelengths of sodium light. 


TABLE I 

Sparking 

Potential 

Metal in Volts 
VIREXITIN IT OR ee Mwel ie sinc a ed he We axe stew soe SE 185 
TSA GSM Pee eH MEA Se Sh Vi es Src ie eee sukvele 220 
Magnesium, zinc.and Dismuth..... 6.2.6. skenes 225 
DAC ISG] ees APR Art SENS A crate 6 brs vite yee et oo eles 245 
St ete See EE ree Ak Lie sta mris shor vee he's 270 
PASTEL OL gem nee eeeerer eee, coins SSS Vy eles «ers 285 
Pl stance acoso « Pe TORI Te Mo cea tc cia ae OO 


Gaseous insulators, when submitted to 
electric strain under ordinary conditions, 
seem to rupture and permit sparkover at a 
voltage which is entirely independent of 
the electrode materials.. Apparently, the phe- 
nomenon occurring in gaseous breakdown is 
limited to the gas itself and is not affected 
by contributing causes due to the metal- 
lic terminals. However, under certain con- 
ditions, experiments seem to indicate that 
the electrodes may also be involved, even 
with large electrode spacing. As the gaseous 
pressure is increased in a sample under 
test, between aluminum needle points at 
least 0.1 inch apart, the voltage to produce 
breakdown increases proportionally. How- 
ever, when a sparkover voltage is reached 
equal to about ten times that required under 
normal conditions, the relation changes and 
the gas ruptures at about the same voltage 
irrespective of further increases in pressure. 
Similar results were obtained in a somewhat 
different manner by Earhart. With elec- 
trodes separated by only minute distances, 
the rupture voltage seemed unaffected by a 
change in gaseous pressure from three to one 
atmospheres. The electric stress under which 
this phenomenon was observed was of the 
order of one million volts per centimeter. 

A possible explanation of these effects is 
obtained from the electronic theory of metals. 
Metallic conductors, as we have seen, are 


(*) Phil. Mag. (6)—-1-147 (1901). 
(6) Wied. Ann, 20-705 (1883). 


characterized by the presence of free electrons 
endowed with kinetic energy. Under ordinary 
circumstances, none of these electrons is able 
to escape, for should one of the electrons 
near the surface depart from the neutral 
metal, being negative itself, it would leave 
the metal positive and be immediately 
pulled back by the electrostatic attraction. 
However, should the kinetic energy of these 
particles be increased, the possibility of 
their escape increases proportionally. Such 
increased energy might be contributed ther- 
mally or by the presence of an applied electric 
field. Hittorf accomplished the result ther- 
mally for gaseous sparkover at reduced pres- 
sures by raising the cathode temperature 
to a dull red heat. It seems possible, therefore, 
that in the researches of Hobbs and of Ear- 
hart, either by reducing the space gap between 
the terminals or by the imposition of high 
gaseous pressures, it has been possible to 
apply an electric strain of sufficient magnitude 
to lead to the liberation of electrons from the 
metals, whereupon the sparkover voltage be- 
comes roughly independent of the gas itself 
andacts asa function of the electrode materials. 

It is at once evident from the foregoing dis- 
cussion that an apparent anomaly exists. 
To cause gaseous breakdown to become 
dependent upon the electrodes, it has been 
found necessary in one case to increase the 
mass of gas between fixed electrodes, which 
was done by increasing the gas pressure, and 
in the second case to reduce the mass to an 
extremely low value, which was done by 
reducing the electrode spacing to minute 
gaps. In both of these instances, however, 
the same result has been accomplished, the 
value of the mean free path has been changed 
or its effect altered. In cne instance the path 
was itself reduced by increased pressure. 
In the other, although unchanged in value, 
the path was overcome by placing the elec- 
trodes extremely close together. The behavior 
of gaseous sparkover with extreme changes 
of gas pressure and electrode spacing is an 
important phase which must be explained 
by any conclusive theory of gaseous break- 
down under electric stress. 

Since gaseous sparkover becomes, in part 
at least, dependent on the electrodes when 
separated by spacing comparable in order of 
magnitude to the mean free path, it can be 
concluded that even with increased spacing 
the electrodes should have an important 
function if the mean free paths be increased 
accordingly. This can be accomplished by 
the use of reduced pressure. The detailed 
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discussion of the electrical behavior of gases 
under reduced pressure lies outside the scope 
of the present article. However, it is inter- 
esting to investigate the importance of the 
electrodes in such phenomena. 

When an electric discharge passes through 
a gas at low pressure, the luminous surface of 
the cathode is surrounded by a dark space, 
called the Crookes dark space, beyond which 
a luminous region, the negative glow, occurs. 
This is succeeded by another dark space and 
a second luminous area extending to the 
anode. Under some conditions a larger series 
of striations may occur. Hittorf® has shown 
that the potential difference between the 
cathode and the negative glow is independent 
of the current unless the latter be sufficient 
to cause the glow to encase the cathode com- 
pletely, whereupon the potential difference 
increases with the current. This difference 
in potential is called the cathode drop and is 
roughly equal to the minimum potential 
difference needed to cause sparkover through 
the gas. Warburg™ showed that the potential 
fall was the same for platinum, zinc, copper, 
silver, and iron, but was diminished with a 
cathode of aluminum or magnesium. Mey? 
showed that the potential difference fell to 
extremely low values for a cathode of any 
of the strongly electro-positive metals. It 
will be recalled that Elster and Geitel® found 
that even under the influence of daylight, the 
more strongly positive metals emitted nega- 
tively charged particles at ordinary pressure. 

The relation between the material com- 
posing the cathode and the cathode fall of 
potential in hydrogen at reduced pressure 
was found by Mey to be as shown in Table II. 

It will be noted that the relationship of the 
metals in this table is in agreement with the 
results obtained by Hobbs for sparkover in 
gases at normal pressure using minute spark 
gaps. 


Influence of Electrode Shape 
- The electric intensity resulting in corona 
formation and sparkover, although under 
ordinary circumstances independent of the 
material of the electrodes, is greatly affected 
by their shape. Thus the strength of air 
measured between parallel plates at normal 
temperature and pressure is about 30 kv. per 
cm. For spheres, so placed that the electric 
field is fairly uniform, approximately the 
(}) Wied. Ann. 31-545 (1887); 40-1 (1890). 
(8) Verhand Deutschen Physikalischen Gesellschaft. 5-72 (1903). 
(9) Trans. Int. Elec. Congress [I —294 (1904). 


(10) Dielectric Phenomena in High Voltage Engineering— 
lst edition, page 46. 
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same strength is obtained. As the spheres are 
further separated, the field becomes more 
divergent and the rupturing voltage gradient 
(volts per centimeter distance between the 
electrodes) decreases rapidly, even reaching a 
value of the order of two kilovolts per centi- 
meter for large gap spacings. For needle point 
electrodes, the strength of air may vary from 
5.5 kv. per cm. for a 75-cm. spacing to a 
value of 10 or 12 kv. per cm. for very small 
gaps. At the surface of very small wires, the 
dielectric strength of air increases to ex- 
tremely high voltages. 


TABLE II 

Electrode Cathode 
Material Drop 

Platinum's ic. deh cskce oe oe eee eee 300 
Silverinb oSele PS BEG a eee ee 295 
COppet «ib sic 8 pis Soins saints ee enone aes eae 280 
Tron’. 6333 Bet Cae ee ee eee 230 
ZANO 0s id vocenl eR Ae ee SOR Oe ne ee ee 213 
yUlbhaabuahvhoc pero nr ire rarer AA eR Ar ek no 190 
Mag nestuirnin, 5 cache cee cutis oe eee 168 
Soditami. "2 foe ee te ee 185 
Potassittiics, acpi eee oe 172 


Fisher® has investigated the strength of 
air as a function of the sharpness of needle 
electrodes. He has found that in passing 
from blunt points to very sharp needles there 
exists a degree of sharpness for which the 
sparking voltage corresponding to a given | 
gap is a minimum, being increased when the 
electrode shape is changed in either direction. 
Thus, for example, with a 10.67-mm. gap, 
the minimum sparking voltage was 6.2 
kv., which occurred between needle points 
0.038 mm. in diameter. With a 16.4-mm. 
gap, 0.043-mm. needles gave a minimum 
sparking potential of 10 kv. 

From the behavior of air between needle 
points, it might be assumed that its strength 
was in some way related to the diameter of 
the testing electrodes. This same assumption 
is possible in the case of parallel wires. It has 
long been known that air is apparently 
stronger at the surface of small conductors 
than large ones. This has at times been 
explained as due to a condensed air film on 
the surface of the conductor. Such a film 
would have a greater relative effect for smaller 
conductors. On the other hand, if this ex- 
planation were true, we should meet with 
a decided variation in the electric strength 
of air with various electrode materials. 
Dense metals such as tungsten should 
exhibit a higher critical gradient than the 
lighter metals. However, the experiments 
performed by Peek,“ using conductors of 
tungsten, copper, aluminum, and iron have 
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shown that the gradient is not affected by the 
material or density of the conductor. Peek“ 
has suggested a satisfactory explanation for 
the phenomenon observed, to which we shall 
refer in detail later. He assumes that air 
under given conditions of temperature and 
pressure has a definite and constant strength, 
Gv. To cause rupture a finite amount of 
energy is required. This may be the kinetic 
energy of charged particles moving under 
the effect of the electric field. Such being the 
case the gradient at the conductor surface 
must be sufficient to supply the needed 
energy, so that at a finite distance from the 
conductor these particles are endowed with 
an energy equal to the electric strength of air, 
whereupon corona and rupture of the gas 
result. In other words, a finite thickness of 


diminished to a distance less than the striking 
distance. Thus, if the air around a conductor 
is of greater apparent strength within a 


distance equal to 0.34/r, conductors separated 
by a spacing less than this value should 
demand an increased difference in potential 
to produce rupture. This has been found true 
by many investigators. The effect can easily 
be demonstrated by an experiment. If two 
flat parallel electrodes are gradually brought 
close together in air, the voltage to cause 
sparkover will finally reach a minimum value 
beyond which increased potential differences 
are demanded. At this point, the electric 
spacing is within the so-called striking 
distance field. If, on the other hand, a 
spherical electrode is substituted for one of 
the plane-surface terminals, no increase in 
the potential gradient is observed, as 
the spark gap is diminished until the 
order of separation is of an extremely 
small value. However, it will be 
found that the location of the spark 


discharge on the spherical surface 


will change during the experiment. 


For the larger gaps, the spark length 


will be the equivalent of the shortest 
distance between the electrodes. As 
the sphere is brought nearer the 
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Fig.'3. Variation of Visual Critical Gradient with Size of Wire (Peek) 


air must be under a stress equal to or exceed- 
ing the value, Gv, representing its assumed 
strength. To show the relation between the 
strength of air at a finite distance from the 
conductor and the conductor radius, Peek has 
evolved and cleverly proved the authenticity 
of the formula 


0.301) 
Gu=29.8 (1 
v Glet: ss 


kv. per cm. 


The distance from the conductor surface to 
the point where the strength of air is of 
constant value is called the ‘“‘striking dis- 
tance.’’ The presence of such a striking 
distance is the fundamental cornerstone of 
the modern theory of gaseous breakdown 
under stress. 


Effect of Spacing Between Conductors 

Peek’s work®® on the relation of the con- 
ductor radius to the dielectric strength of 
air leads to the conclusion that the applied 
voltage to produce sparkover should increase 
as the spacing between the electrodes is 


(4) A.IE.E. 30—June, 1911. 


plane surface, the starting point of 
the discharge will shift away from 
the nearest point of contact. In 
this way the spark length will adjust 
itself to a value corresponding to that which 
demands the least potential difference. Under 
carefully maintained conditions, the spark 
length in such an experiment will roughly 
correspond to the striking distance, except in 
the case of very minute gaps. 

The experiments of Peek have shown that 
for equal spacing the spark potential increases 
with the radius of the spherical electrodes. 
For a spacing smaller than the diameter of 
the sphere, corona and sparkover occur at the 
same voltage. Corona alone is formed when 
the gap between the electrodes is of such a 
value that the voltage required for discharge 
between the spheres exceeds that required to 
establish a critical stress in the air layers 
surrounding the spheres to a critical depth. 


Variation of Dielectric Strength with Temperature 

It has been suggested that the extraordinary 
strength of air surrounding the surface of 
conductors of small radii can be explained 
on the assumption that a finite distance is 
needed through which the moving gas 
particles acquire an energy sufficient to result 
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in electrical breakdown. That the seat of fail- 
ure is entirely in the gaseous field under ordi- 
nary circumstances is substantiated by the 
fact that the breakdown seems entirely inde- 
pendent of the electrode materials. If we 
therefore assume that gas particles moving 
under the influence of the electric field are 
responsible for electric failure, we are at once 
confronted by the problems of pressure and 
temperature. With increased temperature, 
gas particles, as we know from the funda- 
mental laws of physics, are endowed with 
increased kinetic energy which should, there- 
fore, become evident in a lowering of the 
breakdown voltage. Furthermore, the kinetic 
motion of charged particles in a gas should be 
affected by any factor tending to modify the 
mean free path, that is, by variations in 
volume resulting from changes in the imposed 
pressure. 

Whitehead”) has investigated the effect of 
temperature upon the dielectric strength of 
air surrounding a copper wire 0.276 cm. 
in diameter. With an ambient temperature 
varying from 6 to 41 deg., the dielectric 
strength was found to suffer a loss or gain of 
0.22 per cent for each Centigrade degree rise 
or fall from the standard accepted (21 deg. C.). 
Ryan") in a similar investigation previously 
carried out had found somewhat similar 


Lay d 


results (0.27 per cent). 


Pressure Effects 

We know from Boyle’s law that at constant 
temperature the volume of a gas varies 
inversely as its pressure. This is readily 
explained on the assumption that at constant 
temperature in a perfect gas, each particle 
retains permanently a definite kinetic energy, 
unaffected by the elastic collisions with other 
particles. By forcibly decreasing the volume, 
therefore, an increase in the number of 
collisions per unit surface of the retaining 
walls of the vessel is obtained, resulting in 
increased gas pressure. To rupture a gas 


electrically, we have assumed that a definite _ 


kinetic energy is transferred to the moving 
gas particles. Such a transfer demands time 
and finite distance in which to be manifested. 
This distance we have called the striking 
distance. Thus we can readily see what will 
happen if we increase the pressure on a gas 
under electric stress. We first cut down the 
mean free path of the moving particles. This 

(12) A.I.F.E, 29-(2)-1154 (1911). 

(18) A.J.E.E. for 1904—page 101. 

(4) Sibley Journal of Eng. 18-391 (1904). 


(8) Proc. Royal Soc. 71-374 (1903). 
(6) Proc. Royal Soc, 52-99 (1892). 
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tends to prevent the manifestation of that 
fraction of the kinetic energy derived from 
the field itself. As a result, greater energy 
transfer must be obtained to offset the 
shortening of the mean free path. In other 
words, gas under pressure should demand 
higher voltages in order that the kinetic 
energy of its particles may be brought to 
such a value that ionization leading to 
corona formation and rupture will occur. 

These predictions are borne out by experi- 
ment. Thus, starting with air at room tem- 
perature and pressure under a fixed spark 
gap, the strength varies directly with the 
pressure in either direction. This relation, 
however, does not hold true indefinitely. 
Ekern“ has found, for example, that when 
the potential to spark over between needle 
points with a one to three-tenths of an inch 
gap has increased with the pressure to a value 
roughly ten times that needed under normal 
conditions, breakdown occurs at about the 
same potential, irrespective of the pressure. 
At the other extreme, Carr“) has found that 
with diminishing pressures the _ electric 
strength of air falls off to a minimum beyond 
which further reduction in pressure leads to 
increased strength. The pressure correspond- 
ing to this minimum spark potential is called 
the critical pressure. The minimum spark 
potential is constant irrespective of the gap 
distance.“® The critical pressure, however, 
varies inversely as the spark length. 


TABLE III 


VARIATION OF CRITICAL PRESSURE WITH 
SPARK LENGTH IN AIR 


MINIMUM SPARK POTENTIAL 341 VOLTS 


Product of Spark 


en Critic essure te 
Boraehe pads in. eee rie. De ee 
0.005 890.1 4.45 
0.010 450.7 4.50 
0.025 184.8 4.62 
0.050 94.62 4.73 
0.125 38.01 4.75 
0.500 10.21 5.10 
1.000 4,98 4.98 
3.000 1.89 5.67 
5.000 1.34 6.70 
10.000 0.67 6.70 


Simultaneous Variation of Pressure and Spark Gap 

The change of the electric strength of a gas 
with pressure brings up the question of the 
relation existing between dielectric strength 
on the one hand and on the other the 
simultaneous variation of gas pressure and 


‘ 
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spark gap distance. Physically, we know that 
changes in the pressure imposed on a gas 
between two electrodes merely result in a 
variation in the mass of the gas in the inter- 
vening space. Thus at reduced pressures 
fewer gas molecules per unit volume would 
be found in the spark gap area. However, 
this effect could be counteracted within limits 
by separating the electrodes to greater 
distances. Therefore, if the determining fac- 
tor in breakdown is the mass of gas be- 
tween the electrodes, the sparkover voltage 
should remain unchanged if the pressure and 
the gap distance are simultaneously changed 
to the correct extent. This has been found 
to be true. Asa result of an extended series 
of researches with various gases, Paschen“!”) 
found that the difference in potential neces- 
sary to produce a spark depended only upon 
the spark length and gaseous pressure. If 
both were altered in such a way that their 
product gave a constant value, the mass 
of gas between the electrodes remaining 
unchanged, the sparking potential was un- 
affected. 

The results in Table IV are for air and 
were taken from Paschen’s paper to illustrate 
how nearly the relationship holds within the 
limits studied. 


TABLE IV 

Air Pressure Spark Length Sparking Voltage in 
in Om, of Hg. in Cm, Electrostatic Units 

10 0.75 16.23 

15 0.50 16.54 

20 0.38 16.75 

25 0.30 17.00 

30 0.25 16.83 

40 OLE. 16.86 

50 0.15 16.68 

75 0.10 - 16.638 

wet-\ 16.65 


In this table, the product of the pressure 
and spark length is maintained at 7.5. It 
will be noticed that in the tabulation the 
pressures investigated are far above the 
critical pressure at which the minimum spark 
potential occurs. Thus, Carr“) found that 
the critical pressure fora spark gap of 0.1 cm. 
was 4.98 mm. of mercury. Carr has found, 
however, that the relationship established 
by Paschen still holds even with pressures 
approaching the critical gas pressure. The 
variations in the product of the spark length 

Wied. Ann. 37-79 (1889). 


7 
tf Ann. Physick. 4-45-431 (1914). 
(9) GENERAL ELEctRIC REVIEW. 26-756 (1923). 


and gas pressure shown in Table III are well 
within the limits of experimental error for 
such small gap distances. 

Hagoshi"®) has extended the researches of 
Paschen and Carr to the field of high pressures 
and has found that the relation established 
by Paschen does not hold under these con- 
ditions. The voltage increase for extremely 
high pressures is somewhat less than expected. 


Previous Ionization 

An interesting part in relation to the 
mechanism of gaseous failure under electric 
stress is the effect produced by ultra-violet 
light, the presence of gases from flames or 
electric arcs, or the exposure of the gas under 
test to Rontgen rays. These agents tend to 
reduce the time lag occurring between the 
voltage application and the resulting spark. 
They produce no effect on the sparking 
voltage itself. It is known that gases from 
flames and arcs contain ions. Rontgen rays 
when passed through a gas ionize it and 
thus give the gas conducting properties. 
This effect can be detected by the discharge of 
an electroscope. From this we may conclude 
that the introduction of ionized gas or ionizing 
agents is effective in gaseous rupture. 

Compton and Foulke“) have found that 
the formation of corona leading to sparkover 
in air is greatly affected by the radioactive 
radiation from the earth. By the use of pure 
air and the protection of the spark gap from 
the earth’s radiation by means of a lead 
shield, it was found possible to reduce the 
number of ions to such an extent that the 
discharge was started with great difficulty. 
On the other hand, by exposing the spark 
gap area to radioactive emanations, it was 
possible to reduce the time lag to extremely 
small values. 

The effects produced by the presence of 
ions or ionizing agents in a gas under electric 
stress bear an important relation to the 
theory of the mechanism of gaseous failure. 
If the time lag preceding sparkover is reduced 
by the presence of these materials, it must 
be that during this period the process of 
ionization is taking place. When sufficient 
conducting bodies are produced, electrical 
breakdown results. No appreciable current 
can be detected with an electroscope before 
the beginning of the visual corona. 


The Time Factor 

We have assumed that the failure of 
gaseous dielectrics under electric stress is 
preceded by a transfer kinetic of energy to 
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the gas molecules. These energized molecules 
then proceed in some manner to increase the 
conductivity of the gas, leading to break- 
down, Such a sequence would naturally de- 
mand a time factor. Under ordinary condi- 
tions apparently no such factor exists. For 
a definitely shaped electrode and spacing 
distance, breakdown seems to occur at once 
when the critical voltage is reached. However, 
Hayden and Steinmetz) by the use of high 
voltages for an extremely short time (transient 
voltages) were able to detect a time lag 
between the application of the critical stress 
and breakdown. Fig. 4 illustrates the rela- 
tion between the time and voltage factors. 

For a definite gap, the disruptive energy 
of oil is roughly 80 times that of air. Thus 
the oil gap will demand greater time to 
puncture than a similar gap using air as the 
dielectric, so that the air gap can be used as a 
protection for the oil gap against momentary 
voltages of high value, 


Changes with Frequency 

With highly polished electrode surfaces, 
there seems to be but a negligible effect due 
to frequency when increased from 25 to 40,000 
cycles per second, With unpolished termi- 
nals, however, frequency assumes increasing 
importance. This can be explained in con- 
nection with the increased power loss. In the 
presence of rough spots on the electrode 
surface, gaseous failure may occur at con- 
siderably lower voltages with increased fre- 
quency. This generally occurs in the form of 
small streamers beginning at the rough spot. 
The loss is small, however, and the effect 
is not general. With high frequency, the 
streamers once begun result in high losses. 
This distorts the field and a general break- 
down results, It is probable that the energy 
loss begins at the rough spot at the same 
voltage with high or low frequency. When 
once started at high frequency, however, 
the greater loss results in considerable 
distortion of the field leading to an apparently 
diminished electrical strength for the gas. 


Effect of Humidity 

Using gas dried with extreme care, Thom- 
son has found that an electric intensity 
could be applied between parallel plates as 
high as three or four times that sufficient to 
produce spark discharge under the same 

(®) AJ.E.E.-29-1120 (1910), See also Peek: A.J.E.E. for 
191, page 1695, 

(4 Dielectric Phenomena in High Voltage Engineering — 


Ist edition, page 88 (1915), 
(8) AJ.B.E, 29-1175 (1910), 
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conditions for air containing traces of water 
vapor. When once the spark has started, 
however, the potential difference falls to that 
obtained with moist air and the sample 
recovers its original high strength only after 
a considerable rest period. 

Peek, Whitehead and others havefound 
that with sphere gap electrodes but little 
if any effect is produced on the sparking 
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Fig. 4. Relation Between Flashover in Air and Time 
for which Voltage is Applied Using Needle-point 
Electrodes. The horizontal lines give the constant- 
voltage striking distance (Steinmets and Hayden) 


potential of air with a relative humidity 
varying up to 90 per cent. In the case of 
needle gaps, the disruptive potential increases 
with the humidity. Peek suggests that ‘the 
formation of corona streamers in humid air 
may cause a fog and then agglomerate the 
water particles which, in effect, increase the 
size of the electrodes.”’ 

In the case of parallel wire electrodes, 
changes in the relative humidity produce 
little if any effect on the point at which 
corona and energy loss start. When the 
humidity has reached such a value, however, 
that moisture condenses upon the electrode 
surface, there results a considerable lowering 
in the potential difference necessary to 
produce corona and sparkover. This is of 
considerable importance in outdoor aerial 
wires, 


CHARACTERISTICS OF GASEOUS INSULATORS 167 


Energy Loss 


It has been observed that corona formation 
does not occur until air has been overstressed 
through a finite distance. Energy loss shows 
a similar behavior and becomes of importance 
only with the formation of visual corona. 

In practice, a perfectly smooth trans- 
mission line never occurs. Rough spots are 
ever present in the form of scratches, etc., 
which result in electrical stress concentrations 
leading to a higher local gradient than that 
present on the adjoining conductor surface. 
In some cases, the critical voltage value for 
corona may be lowered as much as 33 per cent 
through the presence of rough spots. 

Elster and Geitel,@) after an extensive 
series of experiments, concluded that the 
rate of electrical leak from a transmission line 
varied considerably with the weather con- 
ditions. It was very much smaller in a foggy 
atmosphere than when the weather was 
bright and clear. This agrees with the earlier 
investigations of Zelensky,°*) who found that 
the discharge currents in air are lowered 
by an increase in humidity, probably due to 
decreased ionic velocities. Thus a negative 
ion in dry air under the influence of a differ- 
ence of potential of one volt per centimeter 
moves with a velocity of 1.87 cm. per sec. 
In moist air, the velocity decreases to 1.51 
em. per sec. In view of the findings of later 
researches, it seems probable that this 
decreased velocity is due to the hydration 
of the ionic bodies leading to the formation 
of slow moving complexes.) @) 

The effect of sleet or rain on a transmission 
line leads to increased losses. This is illus- 
trated in an experiment cited by Peek. 
““Two parallel dry cables were slowly brought 
up to the critical voltage value. Water was 
then thrown on the cables. What had been a 
glow on the surface of the dry cables now 
became, at the wet spots, a discharge extend- 
ing as much as 5 to 8 cm. from the cable sur- 
face.”’ After running at the same voltage for 
several moments, the wires became quite dry 
and returned to their normal discharge values. 


Dielectric Strength of Various Gases 
In the preceding discussion of the behavior 
of gases under electric stress, it has been 


(33) Ann. der Physik ti-425 (1900). 

(4) Phil. Mag. 46-120 (1898). 

bt Waskburn Technology Quarterly. 21-288 (1908). 

26 BE J. Thomson—The Electron in Chemistry (1923) 
page 

fay Golllnten Nach. 390 (1887). 

(8) Strutt: Phil. Trans. 193-377 (1900). 

{36} Carr: Proc. Royal Soc, 71-374 (1903). 

8) Conductivity in Gases, J. J. Thomson, page 450, 

(31) Proc. Royal Soc. 69-198 (1896). 

(32) A.T.E.E. 30-92 (1911). 


tacitly understood that the various factors 
mentioned apply to all gases. From this, 
however, it must not be assumed that all 
gases possess the same insulating properties. 
This conclusion might erroneously be drawn 
from the fact that the breakdown of gases 
seems largely dependent upon the tempera- 
ture, electrode shape, gap spacing, etc. While 
it is true that the conditions of test affect the 
dielectric strength of all gases in the same 
way, each gas, nevertheless, possesses its own 
characteristic electrical as well as physical 
and chemical properties. 

From the fact that flashover in gases is 
greatly affected by any condition tending to 
change the value of the mean free path, 
Rontgen®?) reached the general conclusion 
that the sparking potential for a definite 
spark gap depended only on the mean free 
path of the gas molecules. Thus all gases 
should possess the same minimum sparking 
potential. This we know is untrue. The 
minimum sparking potential for several of 
the common gases, together with the values 
of their mean free paths at atmospheric 
pressure, is given in Table V. 


TABLE V 
intmum 

Potential »X 10° om. 

in Volts 
SEO ac raat Oe Sek ener A ol 341 0.95 
CPR POT in at eet cin ase 455 | 1.05 
Nitrogen™............. 251 0.98 
Hy drowen ee. < <n nah 802 1.8 
FLOUR. 9. 5s Neenly ee 261 2.6 
Sulphur Dioxide®),...... 457 0.48 
Carbon Dioxide“,...... 419 0.68 


The values of the mean free paths with the 
exception of helium were taken from O. E. 
Meyer's “‘ Kinetische Theorie der Gase,’’ page 
142. That for helium is the value suggested 
by J. J. Thomson“) from calculations based 
on the viscosity measurements of Lord 
Rayleigh. °) 

Theoretical Considerations 

The apparent increase in the sparking 
potential of air with small gap spacings led 
Steinmetz to suggest the presence of a layer 
of ‘‘condensed air.’’ This idea has been 
abandoned.) In its place has risen the belief 
that the dielectric strength of a gas is of a 
constant and characteristic value. Peek, as 
has been shown, suggested that the real 
strength of air is that value obtained at a 


distance of 0.3\/r from the conductor surface. 
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r being the radius of the testing electrodes. 
Within this distance the dielectric strength 
shows marked increase. The existence of this 
so-called striking distance contributes strong 
evidence in favor of the collision theory of 
gaseous breakdown as suggested by Town- 
send. 

Briefly, the theory enunciated by Townsend 
seeks the cause of electrical failure in the 
generation of conducting particles by the 
successive impacts of free electrons against 
the neutral gas molecules. The theory is best 
explained by an illustration. Suppose two 
oppositely charged plates are separated by 
air. The free electrons present receive an 
accelerated motion due to the electric field. 
With the gradual increase in potential, the 
electrons acquire increased kinetic energy 
until such a voltage value is reached where 
corona 1s observed. At this point the particles 
originally present have become endowed with 
sufficient kinetic energy from the electric 
field to generate more conducting particles 
by impact with the neutral gas molecules. 
This increase in the number of charged bodies 
leads to a rapidly mounting current between 
the plates and the ultimate electrical failure 
of the gas. Such a phenomenon involving 
energy transfer demands both time and energy- 
distance. The time factor we have seen to 
exist. The energy-distance phenomenon is 
called the striking distance. The existence of 
a “condensed air layer’”’ with an apparently 
high dielectric value is merely the mani- 
festation of this energy-distance relation. 

The current-voltage relation in sparkover 
phenomena is illustrated in Fig. 5. In this 
case it is assumed that a difference in voltage 
is applied between two parallel plane elec- 
trodes separated by air. When the direct- 
current voltage is slowly impressed, the 
electrons present are caused to migrate toward 
the positive plate. The rate and amount of 
this migration determines the current effects 
produced. The electron drift at first increases 
with the voltage (area A) and then reaches a 
value beyond which the difference in potential 
produces little if any effect (B). Under 
these conditions, all the electrons present 
are being attracted toward the anode, each 
having a share in producing the so-called 
saturation current observed. With further 
increase in potential, however, a point is 
finally reached when the current between 
the electrodes increases rapidly with but 
little change in voltage (C). This current 
increase is accompanied by luminous dis- 

(38) Trans. Int. Elec. Congress—St. Louis I-16 (1904). 
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charge. Townsend’s explanation of this effect 
would be that, with slowly mounting voltages, 
the energy transfer to the moving electrons 
assumes greater and greater values until a 
point is reached where the electron has 
become endowed with sufficient kinetic energy 
to ionize the neutral molecules by collision. 
Under these conditions the number of 
charged particles and therefore the current, 
increases with no further change in the applied 
voltage. The discharge is accompanied 
by luminosity, and with sufficient voltage 
gradient it leads to the generation of enough 
conducting particles to result in flashover. 


Current Discharge 


lonization by 
Collision, Luminous 
Discharge 


Vo/tage Applied 


Fig. 5. Current-voltage Characteristics in Gases 


The mechanism of corona formation and 
spark discharge is therefore similar to the 
ionization of a gas on exposure to the effects 
of alpha and beta rays from radioactive 
materials. It has been observed by Ruther- 
ford and others that the path of an alpha 
particle is straight up to the point where the 
velocity has been reduced to such a value 
that it is no longer able to ionize a neutral 
molecule with which it may collide. Beyond 
this point, the path becomes deflected and 
may end abruptly should a “head on”’ 
collision occur. The beta particles being of 
lighter mass, show the deflection effects of 
collision to a greater extent. The study of 
the ionization phenomena due to alpha and 
beta particles has been responsible in no 
small degree for the Rutherford-Bohr concept 
of atomic structure. 


The Ionization by Collision Theory 

The Townsend theory, which attributes 
gaseous insulation failure to ionization by 
collision, has received wide acceptance. Per- 


li 
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haps the best illustration of its value is to be 
obtained from a review of the manner in 
which it explains the observed behavior of 
gases placed in an electric field. 


Effect of Electrode Material 


If the seat of gaseous failure is in the gas 
itself, it should be independent of the elec- 
trode materials. Under ordinary circum- 
stances this is true. Dushman*) has shown 
mathematically that the field strength to 
extract electrons from thoriated tungsten is 
of the order of 1073.9 volts per centimeter. 
It seems improbable therefore that electrons 
or ions obtained from the electrodes can play an 
important part in gaseous dielectric failure. 


Source of Primary Ions and Electrons 


The theory demands an initial source of 
ionic or electronic supply. This, Compton 
and Foulk®) have shown, can be obtained 
from the effects of the radio-active emanations 
from the earth’s crust. 


Change of Dvelectric Strength with Electrode 
Spacing 

With large spark gaps, the longer free paths 
of electronic motion assume increasing im- 
portance. Since ionization by collision depends 
upon the manifestation of the kinetic energy 
of the electron, it is obvious that with spacing 
comparable to the longest free paths, a mini- 
mum of potential should be required. With 
smaller electrode spacing, the effective free 
paths are reduced, thus demanding increased 
electric stress to supply the required electronic 
velocities. The dielectric strength of a gas can 
therefore be defined as of that value occur- 
ring with the greatest limiting electrode spac- 
ing, within which spark can not form except by 
the increased value of the electric field. With 
voltages below this critical value, all ioni- 
zation ceases due to the decreased electronic 
velocity. With this distance all the electronic 
free paths are involved; with decreased 
distance, the effective free paths are reduced. 


Are the Electronic I mpacts Elastic? 


Concerning this phase, there arises a differ- 
ence of opinion among physicists. The ques- 
tion is of importance, for with elastic collisions, 
the ability to ionize should be permanently 
retained by the colliding electron. 


(4) Trans. Am. Electro-Chem, Soc. 44-101 (1923). 

(%, GENERAL ELECTRIC Crags 26-756 (1923). 

(3) Phys. Rev. 20-457 (1922). 

(37) Phys. ies 22-333 (1923). 

(3) Phil. Mag., January, 1923, page 65. 

(8%) Phil. Moe 6-26-1 (1913); 6-26-857 (1913); Nature 
107-104 (1921). 

() Phys. Rev. 15-477 (1920). 


Eldridge“® has concluded that in ionization 
by collision the electron loses its total energy 
even though this exceeds the ionization 
potential of the gas. The electron which is 
the product of the ionization appears to 
possess negligible energy at the moment of 
its escape. 

Compton?) has concluded that for elec- 
tronic velocities below a definite critical value, 
characteristic for each gas, collisions with gas 
molecules are probably elastic since neither 
radiation nor ionization results. 

Franck and Hertz®) suggest that the elec- 
tron possesses a critical velocity, below which 
on collision with gas molecules no energy 
loss is observed and above which the elec- 
tron loses all of its energy. This agrees 
with the quantum theory as applied by Bohr 
in his concept of atomic structure. @9) 


Are Successive Impacts Required for Iont- 
zation? 


Compton) accounts for ionization as a re- 
sult of successive impacts. When the elec- 
tronic velocity is of sufficiently high value, 
its energy may be transferred to a neutral 
molecule in collision. If this latter be again 
struck while in this “activated’’ condition, 
ionization may occur if the total energy of 
the two colliding electrons exceeds that corre- 
sponding to the minimum ionizing potential. 


ae 


Characteristics of the Secondary Electrons 


Rosseland*® concludes that the velocity of 
the electron expelled during collision is less 
than that of the primary electron. In the 
case of helium, the ionizing potential for two 
electrons expelled simultaneously is more 
than twice that required for the removal of 
one. 


Effect of Positive Ions 


In the generation of free electrons by 
collision of electrons and gas molecules, the 
molecular residue possesses a positive charge 
and moves under the influence of the elec- 
tric field. Due to its relatively great mass, 
however, the positive residue demands too 
long a free path and too large a potential 
difference to become of more than negligible 
ionizing value. 


Are Electrons Emitted from the Negative Plate? 


The theory of ionization by collision car- 
ried to the extreme suggests that the impact 
of the positively charged residue against 
the negative electrode might cause it to 
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act as a seat of electron emission. No 
experimental evidence of such an effect has 
been found. The value of the saturation 
current is a direct measure of the total 
number of electrons set free per unit time. 
This value seems independent of the velocity 
of the positive ion and its impact against the 
negative electrode. 


Holst and Osterhuis“” have claimed that 
the material composing the cathode is of 
major importance in sparkover with members 
of the helium family. The effect, however, is 
supposedly produced through electrostatic 
attraction rather than by positive ion impact 
and is confined to discharge through the mona- 
tomic gases between electrodes of magnesium 
or the alkali metals at a gaseous pressure cor- 
responding to that of the minimum sparking 
potential. The problem of withdrawing elec- 


(41) Comples Rendus 175-577 (1922); Phil. Mag. 46-1117 
(1923). 

(#2) The Emission of Electricity from Hot Bodies (1921); 
Trans. Am. Electro-Chem. Soc. 21-69 (1912). 

(483) Trans. of the Am. Electro-Chem. Soc. 44-101 (1923). 

(44) Megh Nad Saha, Phil. Mag. 40-472 (1920); Tolman, 
J.A.C., 48-1592 (1921); Dushman and Ewald, GENERAL ELEc- 
TRIC REVIEW. 26-154 (1923), etc. 
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trons from the cathode is a function of the 
thermionic equation of Richardson.“” This 
has been mathematically extended by Dush- 
man“) from the standpoint of the Nernst 
heat theorem. Dushman’s equation suggests 
a field strength of the order of 1073.9 volts 
per centimeter to cause electronic emission 
from cold thoriated tungsten. The effect 
of the metallic electrodes as contributing 
causes to gaseous breakdown is admittedly 
negligible at ordinary pressures with gases 
other than those of the helium family. This, 
Holst and Osterhuis declare, is due to the 
loss of energy occurring with the less elastic 
electron-molecular collisions in the common 
gases under the usual conditions. The prob- 
lem of electron emission from hot and cold 
metals has assumed great importance within 
the past few years. Widespread research has 
resulted in considerable knowledge of the phe- 
nomenon of thermionic emission. “4) The prob- 
lem of the cold electrode and its importance 
in dielectric failure is attracting increasing 
attention from\ the research engineer and 
physicist. 


Two Successive 1,500,000-volt Arcs Between Points Spaced 14 ft. Apart. The left terminal is a million volts ‘‘above”’ ground; 


the right terminal is 500,000 volts ‘‘below’’ ground. 


Both terminals show brush discharge and two heavy spark 


discharges and about a dozen successive alternations of arc where the air currents have moved the arc 
in a direction parallel to the photographic plate 
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Automatic Substations of the Long Island 
Lighting Company 


By Louis WINTNER 
NEw YorK OFFICE, GENERAL ELECTRIC COMPANY 


Man’s hands were the first tools and are still the most versatile in the world. Yet how utterly helpléss 
would be our situation had we to depend entirely upon them for accomplishment! We could throw a stone 
but could not fashion even the pencil with which we write. And so down through the ages man has devised 
implements by the aid of which the hand could supply the day’s needs. Some of these implements require 
the hand for every movement, like the needle and thimble; others but once in thousands, as the machine gun; 
still other wondrously ingenious automatic mechanisms seldom require the hand at all. In adopting the 
automatic principle, and thereby increasing the capacity of the human hand, no industry has made such great 
strides as that which manufactures electricity. In the following article Mr. Wintner gives the story of one 
example, a public utility company that now has 14 automatic stations as an integral part of its system. 


The territory served by the Long Island 
Lighting Company embraces the major por- 
tion of that part of Long Island which extends 
from the environs of New York City (Bor- 
oughs of Brooklyn and Queens) about 100 
miles eastward to Montauk Point, from 
Long Island Sound on the north to the 
Atlantic Ocean on the south—an area of 
about 1000 square miles of varying character 
and interest. 

The district adjacent to the city is dis- 
tinctly suburban, the northern portion extend- 
ing over wooded hills clustered around the 
famous Oyster Bay section, where many of 
New York’s prominent citizens have their 
country homes and estates. Toward the 
south the hills recede to the Great South 
Bay section of many seashore villages and 
resorts. The middle of the island is more or 
less rural in character, with a prosperous 
_ farming community that supplies New York 
with much of its fresh produce. The Great 
Rocky Point Station of the Radio Corpora- 
tion of America, for which power is supplied 
by the Long Island Lighting Co., is located 
here, its huge towered antennas dominating 
the landscape for miles. Eastward, the 
middle-land supports extensive truck farms 
and fruit orchards, with a large poultry 
industry, bringing great prosperity to this 
region. Several communities on the eastern 
shores retain much of the picturesque char- 
acter which links them to their traditional 
whaling days; and southward the sand dunes 
of the Shinnecock Hills possess a charm which 
has made this region—the environs of South- 
ampton and Easthampton—a center of wealth 
and fashion. 

In the early days of the electric lighting 
industry, a number of communities scattered 
about this territory established local lighting 
plants. The demand made upon these small 
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stations soon outgrew their natural limita- 
tions and, as was inevitable, a consolidation 
was effected. This was accomplished about 
14 years ago by E. L. Phillips & Co., Engi- 
neers, of New York, and has since grown into 
a modern and unified system of power 
generation and distribution. The principal 
generating stations are located on tidewater 
at Northport and Glenwood, having a total 
turbine-generator capacity of 40,500 kw. 
now in operation and under construction. 
A tie line extends to the Far Rockaway 
generating station of the Queens Borough 
Gas & Electric Co., a 17,500-kw. plant, 
owned by the Long Island Lighting Co. 
Power is transmitted at present to the various 
substations at 13,200/22,800 volts Y, 60 
cycles, and is there distributed at 2200 volts, 
3-phase, and in some cases 2-phase. The 
eventual high-tension transmission will be at 
66,000 volts, 3-phase, for which about 45 
miles of steel pole line is now under construc- 
tion. 

In building the new substations, and 
modernizing the old ones, special efforts were 
directed toward the selection of equipment 
which would insure the maximum reliability 
of service. An analysis of the operating 
conditions proved that most of the service 
failures were due to the lines being short 
circuited during stormy weather by “‘treeing.”’ 
In the smaller outlying districts the cost of 
substation attendance to insure prompt res- 
toration of service was considered out of 
proportion to the revenue produced; on the 
other hand, the loss of revenue resulting 
from service interruptions, and especially 
the desire to render to the public the best 
service, were equally important considera- 
tions. 

A careful study of automatic reclosing 
switching equipments led to their selection 
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Fig. 1. Far Rockaway Generator Station Fig. 2. Port Washington Automatic Substation 


a 


Fig. 4. Floral Park Automatic Substation. Back view of auto- 
matic switching equipment for a-c. reclosing feeders, and transfer 


apparatus for two incoming lines 


Fig. 3. Floral Park Automatic Substation. Power line construc- 
tion and automatic switching equipment for a-c. reclosing feeders, 
and transfer apparatus for two incoming power lines 
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as best suited to give the desired results. 
The higher first cost of this type of switch- 
board is largely offset by its lower installa- 
tion expense, each panel being structurally 
designed so that it can be shipped as a com- 
pletely assembled, connected, and adjusted 
unit. In this respect it bears a close resem- 
blance to the truck type of switchboard; thus, 
the setting-up expense is confined to the 
uncrating and placement of each panel in 
location, and the coupling of adjacent sec- 
tions of the buses. A direct economic advan- 
tage is gained from the lower operating cost 
of these equipments, as one patrol attendant 
is able to take care of several substations, 
the number depending on the distance be- 
tween points of control. 

Equally important, also, is the reliability 
of the automatic equipment, designed as it is 
to correct abnormal conditions by a rigid 
schedule of operation far more dependable 
than human manipulation. The manage- 
ment of the Long Island Lighting Co., recog- 
nizing in this an opportunity to give to 
its customers the maximum in continuity of 
service, has adopted this type of switching 
equipment for 14 substations, thus setting a 
high standard of engineering for service to 
small communities that may well be emu- 
lated. 

It may be desirable here to enumerate 
the principal functions of the automatic 
reclosing equipments. They are: 

(1) To disconnect a feeder from its source 
automatically in case of dangerous 
overload or short circuit. 

(2) To reconnect the feeder automatically 
after a definite time. The oil breaker 
then remains closed if the cause of 
trouble has meanwhile disappeared. 

(3) In case the fault remains, the breaker 
will again trip automatically. 

(4) After a predetermined time the breaker 
again automatically recloses, remaining 
so if the line is clear. 

(5) If the trouble still persists, the breaker 
is automatically opened a third time, 
and remains locked out. Restoration 
of service is then made manually after 
the fault has been removed. 

Many variations of these typical operations 
can be obtained. As an example, where a 
substation is served by two incoming feeders, 
one normal and one emergency, a failure in 
the normal feeder will automatically connect 
the station to the emergency supply. This 
action can be extended, if desired, to the 
automatic reconnection to the _ preferred 
source of supply when voltage is restored. 


Another adaptation of this control is in the 
use of a time switch to govern the automatic 
reclosing operation where a feeder equipment 
supplies one or more constant-current trans- 
formers for series incandescent street lighting. 
In case of an open circuit on a series street 
lighting circuit, there is always a hazard both 
to the public and the repair man, on account 
of the high voltage. The elimination of this 
hazard is accomplished by a relay combina- 
tion which instantly disconnects the source 
of supply, locking it out until restored by 
hand after the series circuit has been recon- 
nected by the lineman. Many other auto- 
matic functions can be accomplished to suit 
special operating requirements. 

The following is a list of the several substa- 
tions now installed and under construction in 
the territory of the Long Island Lighting Co. 
The ratings of these stations give an idea of 
the present practice in securing distribution 
by means of automatic switching equipment. 


Port Washington 

One 500-kv-a., 6600-volt, 60-cycle, 2-phase 
incoming line 

One 250-kv-a., 2200-volt, 60-cycle, 2-phase incom- 
ing line . 

Five 300-amp. 2200-volt, 2-phase outgoing feeders 

Two 20-kv-a., 2200-volt, single-phase feeders for 
street lighting 


Floral Park 
One 400-kv-a., 2200-volt, 60-cycle, 2-phase 
incoming line 
One 500-kv-a., 4400-volt, 60-cycle, 2-phase 
incoming line 
Two 2200-volt, 300-amp., 2-phase outgoing 
feeders 
Two 20-kv-a., single-phase outgoing feeders for 
street lighting 


Farmingdale 
One 600-kv-a., 13,200/2200, Y-primary, 2300- 
volt secondary, 3-phase, 60-cycle incoming line 
One 450-kv-a., 2300-volt, 3-phase outgoing feeder 
One 250-kv-a., 2300-volt, 3-phase outgoing feeder 


Lynbrook (Queens Borough Gas & Electric Co.) 

Two 1000-kv-a., 13,200-volt, 60-cycle, 3-phase 
incoming lines 

One 800-kv-a., 2300-volt, 60-cycle, 2-phase 
incoming line 

Two 2300-volt, 300-amp., 2-phase outgoing feeders 

One 2300-volt, 22.5-amp., 2-phase outgoing feeder 
for street lighting 

One 2300-volt, 7.5-amp., single-phase outgoing 
feeder for street lighting 


Garden City (Outdoor substation) 
Four 2200-volt, 300-amp., 60-cycle, 2-phase out- 
going feeders 
Two 2200-volt, 10-amp., single-phase outgoing 
feeders for street lighting 


(The automatic reclosing equipments in Garden 
City substation are enclosed in steel housings for 
outdoor installation.) 
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Glenwood Generating Station 
Farmingdale Automatic Substation 
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Fig. 6. 
Fig. 8. 


Northport Generating Station 
Bellmore Automatic Substation 


Fig. 5. 
Fig. 7. 
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Map of Long Island, N. Y., showing the location of the Long Island Lighting Company’s Generating 


Fig. 9. 


Stations, Transmission Lines and Substations 


Glen Cove 

One 600-ky-a., 2300-volt, 3-phase, 60-cycle incom- 
ing line 

One 400-ky-a., 2200-volt, 2-phase, 60-cycle incom- 
ing line 

Three 2300-volt, 100-amp., 3-phase outgoing 
feeders 

Two 2200-volt, 100-amp., 2-phase outgoing 
feeders 

Four 2300-volt, 15-amp., single-phase outgoing 
feeders for street lighting 


Mattituck 
One 600-kvy-a., 13,200 /22,800, Y-primary, 2300- 
volt secondary, 60-cycle, 3-phase incoming line 
One 2300-volt, 15-amp., 3-phase outgoing feeder 
Two 2300-volt, 75-amp., 3-phase outgoing feeders 
One 2300-volt, 10-amp., single-phase outgoing 
feeder for street lighting 


Bellmore 
One 600-kv-a., 138,200/22,800-Y, 2300-volt, 
3-phase incoming line 
Two 2300-volt, 60-amp., 3-phase, outgoing feeders 
Five 2300-volt, 15-amp., single-phase outgoing 
feeders for street lighting 


St. James 
One 450-kv-a., 13,200/22,800-Y, 2300-volt, 
60-cycle, 3-phase, incoming line 
Two 2300-volt, 80-amp., 3-phase outgoing feeders 
One 2300-volt, 15-amp., single-phase outgoing 
feeder for street lighting 
Huntington 
One 1500-kv-a., 13,200/22,800-Y, 2300-volt, 
3-phase, 60-cycle incoming line 
Three 2300-volt, 100-amp., 3-phase outgoing 
feeders 
One 2300-volt, 125-amp., 3-phase outgoing feeder 
One 2300-volt, 25-amp., 3-phase outgoing feeders 
for street lighting 


Islip 
One 600-kv-a., 13,200/22,800-Y, 2300-volt, 
60-cycle, 3-phase incoming line 
Three 2300-volt, 100-amp., 3-phase outgoing 
feeders 
Westhampton 
One 450-kv-a., 13,200 /22,800-Y, 2300-volt, 
60-cycle, 3-phase incoming line 
One 2300-volt, 100-amp., 3-phase outgoing feeder 
Ronkonkoma 
One 450-kv-a., 13,200 /22,800-Y, 2300-volt feeder 
installed in outdoor switch house 
Sag Harbor 
One 300-kv-a., 2800-volt, 3-phase, 60-cycle out- 
going feeder 
One 225-kv-a., 2300-volt, 3-phase, 60-cycle 
outgoing feeder 


The automatic substation has undoubtedly 
minimized the service failures which are 
always an irritation to central-station cus- 
tomers, and this constitutes a valuable aid 
in building up the good-will of the public. 
In this respect it also enhances the public’s 
confidence in the central station and is, 
therefore, conducive to customer-ownership. 
It makes available a means of supplying 
service to outlying districts that could not be 
reached economically in any other way. 
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A Survey of the: Field’ for these lectric Truck 


By RAYMOND ZINDLE 
SOCIETY FOR ELECTRICAL DEVELOPMENT, NEW YorRK CITY 


Many years ago a fiction writer, witha Jules Verne turn of mind, concocted a fanciful tale dealing with 
the state of affairs in the year 2000 A.D. Among other things he imagined that all highway transportation 
would be by means of ‘electric drays.’”’ As to the exact mechanical method to be used he was privileged to 
be silent. Since then the electric vehicle has arrived and is establishing its sphere of commercial service within 
which it operates more economically than the horse-drawn vehicle or the gasoline truck. To determine the 
present status of the situation, Mr. Zindle recently made an extensive investigation and in the following article 


reports a number of its interesting conclusions—EDITOoR. 


It is apparent on all sides that the electric 
truck industry is entering into an era of un- 
precedented prosperity and that the electric- 
driven vehicle is being generally accepted as 
the most economical, most efficient, and best 
means of frequent-stop delivery. 

Though the electric truck made good its 
start twenty years ago, it was in those days 
unfortunately a competitor of the gas truck 
and was frequently misapplied. Besides this 
mistake the early electric truck was far from 
perfect. Today it is a different vehicle. In 
every feature of construction and equipment, 
from battery to motor, in every part, includ- 
ing steering gear and frame, there have been 
many improvements to increase its adapta- 
bility. With increased speed, increased mileage 
per charge, increased flexibility, it is a well 
built, soundly constructed, efficient, and long- 
lived vehicle. 

For the Society for Electrical Development 
the writer recently made a field survey 
to ascertain what users and non-users of 
electric trucks really think about the vehicle 
as well as the outlook for its increased use. 
The inquiry aimed also to get at the frame of 
mind of central station men and truck 
dealers in general. After talking with these 
groups and others in 35 cities, as far south as 
Atlanta, west to Chicago, and north to 
Montreal, it appears that the difference be- 
tween the electric truck situation of today 
and that of even a year ago is the fact that 
business men generally are now open minded 
on the subject of electric truck transportation 
—that they are willing to face the facts. 
Business men realize that they must reduce 
delivery costs; that leaders in every line of 
industry are using electric trucks where they 
are applicable in their transportation depart- 
ments, as a means of reducing these high 
costs. That the electric truck is inherently 
the most economical and most efficient means 
of city transportation within the confines of 
its proper application is a conviction to be 
found on all sides. These facts have been 


pretty well instilled into minds of business 
men the country over. 

Realizing that the provision of battery- 
charging and other service facilities is of tre- 
mendous import in the program of increas- 
ing the use of electric trucks the country 
over, the manufacturers of trucks, bat- 
teries, and accessories are joining with the 
central station industry in an effort to 
provide these facilities locally throughout the 
country. 

For a long time the central stations of the 
country were slow to give the electric truck 
industry their assistance, but today we find 
them interested in building up an off-peak 
load and hence ready to co-operate. Because 
the electric truck is bringing satisfaction to 
users and because a battery-charging load is 
the best means of filling up the night valleys 
in station load curves, the central stations are 
now helping to promote the use of electric 
trucks wherever such use seems justified 
locally. The following central stations report 
that they are devoting some part of their 
advertising appropriations to electric truck 
promotion in addition to personal solicitation 
and other promotional efforts: 

Atlantic City Electric Co., Atlantic City, N. J. 

Baltimore Gas & Electric Co., Baltimore, Md. 


Blackstone Valley Gas & Electric Co., Pawtucket, 
Reais 

Commonwealth Edison Co., Chicago, Ill. 

Department of Public Service, Los Angeles, 
Calif. 

Lakewood & Coast Electric Co., Lakewood, N. J. 

New Orleans Public Service Co., Inc., New Orleans, 
La. 

New York Edison Co., New York, N. Y. 

New York & Queens Electric Light & Power Co., 
Long Island City, N. Y. 

Northwestern Electric Co., Portland, Ore. 

Pacific Gas & Electric Co., San Francisco, Calif. 

Portland Railway, Light & Power Co., Portland,, 
Ore. 

Public Service Co. of Colorado, Denver, Colo. 

Public Service Electric Co., Newark, N. J. | 

Public Service Co. of Northern Illinois, Chicago, 
Il 


San Joaquin Light & Power Co., Fresno, Calif. 
United Illuminating Co., Bridgeport, Conn. 
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Many others are lending their assistance in 
co-operating with electric truck salesmen, in 
lending motor-generator sets to new small 
users and otherwise offering a helping hand. 

Investigation has proved conclusively that 
in the final analysis users of electric trucks 
are employing them because of the economies 
to be realized in their delivery service. Other 
advantages of the electric—and they are 
many—are incidental to this outstanding 
factor. Among them may be mentioned 
superior dependability, and the fact that the 
trucks may be allowed to stand at loading 
platforms overnight, thus doing away with 
the need for stable or garage space. Many 
instances were noted where companies now 
using only a few electric trucks are preparing 
to replace all of their horse-drawn equipment 
with this economical means of transportation. 
The successful use of electric trucks by leaders 
in industry, such as the American Railway 
Express Co., Ward Baking Co., National 
Biscuit Co., etc., has been an outstanding rea- 
son why many others have purchased them. 

A diversity of individual conditions also 
has precipitated the use of electric trucks for 
one economic reason or another. One user 
reported that he had purchased electric 
trucks in order to avoid building a stable on 
very expensive land. Another user installed 
them solely on the basis of a lower fuel charge. 
Because he was a large power user, his 
charging rate amounted to only 1% cents 
per kw-hr. (approximately). 

The investigation showed that electric 
trucks are seldom being overloaded although 
there is a general feeling among users that 
they will stand greater overloading than any 
other truck. An ice cream company in 
Boston, Mass., habitually overloads its elec- 
tric trucks 50 per cent during the heavy season. 

Electric truck routes vary in length from 
as low as 10 or 12 miles daily up to 35 or 40. 
The majority of users interviewed report 
their daily mileage as being from 20 to 30 
miles per route. 

Delivery stops per route per day range 
from 30 to 200. Most users report that the 


average number is between 100 and 200. 
Some make as many as 250 or 275 delivery 
stops daily. Garbage collection trucks may 
make as many as 690 stops per day. In the 
Chicago loop district one user stated that 
his trucks encounter an average of four 
traffic stops per block. 

Almost without exception the users report 
that the charging of truck batteries presents 
no problem. A few users who charge their 
trucks at public garages lament the mileage 
lost in traveling the distance between the 
company’s plant and the charging service 
point. 

The following statements made by users 
throw an interesting light on the electric 
truck situation. 

A laundry in Portland, Me., adopted 
the use of electric trucks to avoid the 
high costs of maintenance involved in 
the driving of gas trucks at excessive 
speeds. 

A Cleveland, Ohio, baker expects to 
eliminate horses entirely and replace 
them by electric trucks as the company 
has more capital for investment. 

A Pittsburgh, Pa., department store 
uses both gas and electric and would 
give up the gas trucks if Pittsburgh were 
not so hilly. 

A Cleveland, Ohio, department store 
now using a single electric for package 
delivery will probably add 15 more if the 
one now in service ‘‘goes through the 
winter OK.”’ 

It would appear that transportation anal- 
ysis is the ideal basis on which to apply 
electric trucks. In this connection it is in- 
teresting to note that the electric truck 
industry has, within the last year or two, 
reorganized its selling methods with this end 
in view. Electric trucks are being sold only 
where they are applicable. Thoughtful men 
are taking charge in the truck industry and 
material changes have been made in selling 
plans so that now the electric truck is being 
furthered on an educational basis—the basis 
of its logical application in city transportation. 
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The Picking of Managers 


By Joun T. BRODERICK 
MANUFACTURING DEPARTMENT, GENERAL ELECTRIC COMPANY 


Although of a technical character, this article is of an unusual type in our magazine for instead of dealing 
in volts, kilowatts, pounds per square inch, etc., it deals in terms of honesty, imagination, personality, etc. It 
is further unusual in that the position analyzed ranks above those which have ordinarily received such con- 
sideration in print. Most of us have little influence in the picking of a manager, but nevertheless will be 
interested to learn how engineering principles can be applied to the making of a wise choice. —EDITOR. 


Relative Influence of Jobs 

Most of the discussions about keeping an 
organization well manned, so that its vigor 
and efficiency will not diminish with time, 
cover a limited field. They do not extend to 
men filling positions of higher rank than that 
of a foreman, namely, to superintendents, 
department heads, and managers. 

“What should be the qualifications of a 
foreman?’’’ is an oft-repeated question, and 
as far as it goes is a pertinent one. The ques- 
tion, ‘‘What should be the qualifications of a 
manager ?’’ however, is rarely asked, at least 
openly. Perhaps it serves often enough as a 
topic of private conversation among sub- 
ordinate employees; but conclusions arrived 
at in conversation of that character lack 
practical value as they cannot be examined, 
in any definite and concrete form, by men 
broadly responsible for administrative routine 
and concerned with the building up of an 
efficient personnel. 

That foremen need to be well equipped for 
the work they have to do is taken for granted. 
Their cumulative power for good or evil, in an 
economic sense, is beyond computation. In 
considering individual jobs and the qualifica- 
tions of employees assigned to them, however, 
range of influence must be dealt with as a 
primary factor. While it is important that 
foremen be capable, it is more important 
that the men of higher rank be so, because the 
effect of what they do, and what they are, 
has a wider spread. A misfit in a minor job 
muddles things at one point. In a big job 
he can wreck an enterprise. 


One Distinction 


Let us assume that a foreman, a superinten- 
dent, a department head, and a manager 
should possess certain qualifications in com- 
mon, such as personality, knowledge, experi- 
ence, and energy. There are other quali- 
fications, however, which are not indis- 
pensable for foremen, and those performing 
different classes of supervisory service under 
foremen, but which are indispensable for a 
manager or any one.who gives direction, color, 


and character to the work of a large number 
of employees with diversified tasks. 

A foreman who, for example, has charge of 
a machine shop with 50 workers performing 
repetition labor, may be said to be a high- 
class foreman, and may, in time, become 
fitted for a managership if, among the other 
qualifications that his job as a foreman 
demands, he has what is known as imagina- 
tion. The work that he supervises will not 
suffer seriously, however, or for a long period, 
if he does not have imagination in large 
measure. The feature of safety in his case is 
that his area of influence is limited and that 
if he is not wholly fitted for the job, which 
for the time being is his, he may readily be 
shifted to another for which he is better fitted, 
or his services may be dispensed with. 

A manager, on the other hand, who directly 
or indirectly supervises the work of a thou- 
sand, ten thousand, or twenty thousand em- 
ployees, must be richly endowed with imagi- 
nation, in addition to having the qualifications 
expected of him in common with a foreman. 
Otherwise, the work that he is chosen to do, 
even though it may seem satisfactory to a 
casual observer, is not likely to be done 
efficiently. In his case limited knowledge and 
experience will be less hurtful, economically, 
than a deficient imagination. And, moreover, 
if he is a misfit, there are usually many 
reasons why his replacement and assignment 
to duties of a different character cannot 
readily be effected. 


Imagination Defined 

Now, what is meant by imagination? 
Almost any one will see at once that it is the 
outstanding qualification of an artist, a 
dramatist, an inventor, or any one else whose 
work is creative. So far as it relates to admin- 
istrative or supervisory duties in industry, 
imagination may be defined as the power to 
understand what is not obvious, to balance 
and co-ordinate a great variety of factors, 
some of which may be obscure and call for 
research, to see ahead, as well as on both sides 
and behind, but particularly to see ahead 
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and to make plans for next month’s or next 
year’s work. One of its indications, also, 
is a readiness to entertain and to try new 
ideas. 

So far as imagination is concerned, a 
manager therefore should be classed with an 
artist, a dramatist, and an inventor. If he 
cannot feel at ease in that kind of company 
he is not likely to function well as a manager. 
That does not mean that he must be able to 
produce pictures or plays, or even to invent 
labor-saving devices, but rather that he must 
have, among other things, the vision and 
power of co-ordination that such work calls 
tor. 


Rating of Qualifications 


Seven basic qualifications of a manager or 
any one in line for a managership are given, 
as follows, in what seems to be the order of 
their importance: 

(1) Intellectual honesty 

(2) Imagination 

(3) Judgment 

(4) Personality 

(5) Knowledge 

(6) Experience 

(7) Energy 

Though not heretofore mentioned, intel- 
lectual honesty takes its place, naturally, as 
an assumed qualification at the head of this 
list for any one who is to be appraised for a 
managership. No one whose mental processes 
are crooked instead of straight, however 
able he may be, can get far in a managerial 
or supervisory job—much further, in fact, 
than his title carries him, which is not very 
far. Those under him will take care of that 
point if those above him overlook it. Judg- 
ment may be classed with imagination, as 
the latter has been defined, but is listed as a 
distinct basic qualification in order to em- 
phasize the fact that a manager must have 
decision and be a doer as well as a seer. 

A study of men holding jobs as managers, 
department heads, or superintendents, and 
of those who are being trained to fill such 
jobs in the future, may be made with advan- 
tage by determining their relative strength 
in the qualifications mentioned. This relative 
strength may be stated in _ percentages, 
letting 100 per cent stand for par. 

Percentages for three assumed cases are 
listed in Table I and will be considered to 
illustrate how comparisons, employed as an 
aid in the fitting of men to jobs ‘and jobs to 
men, may readily be made after obtaining 
reliable and adequate information regarding 


the qualifications of different individuals. 
How such information may be made avail- 
able will be suggested as this analysis is 
developed. 

Intellectual honesty is given 100 per cent 
in all three cases, as it must be taken for 
granted that any one who falls short of par in 
that qualification should not be considered 
at all for any kind of a managership, as he is 
bound to be a failure. Workers will often do 
their best for a leader with some of the 
attributes of a blockhead, if he is square 
with the light that he has, but withhold 
loyalty from one who is shifty, even if bril- 
liant; and of course organic efficiency is never 
possible without a loyal spirit. The varia- 
tion in the other six qualifications is normal, 
and in the study of actual cases it is necessary 
only to determine the degrees of variation. 


TABLE I 

Qualifications in Order of | ae cat ark Wisco aed 
sexccageana | Par 100% 100% 100% 

(1) Intellectual honesty.. 100 100 100 
(2). Imagination: ......... 95 70 40 
(Sy, Jaidgment ao-.. 4 ...\.a% 85 85 75 
(4) Personality......... 90 90 70 
(a) KRoowledge: coca. | 80 85 90 
(OMe Speen GG. cere ai | 75 80 90 
U7 a IOMeLey een eee ee 65 80 97 


A Surface Analysis 

Before any weighting of qualifications is 
attempted, it will be helpful to make a mere 
surface analysis of the three cases mentioned, 
with the object of determining offhand their 
relative fitness for managerial jobs. 

Case A would doubtless make the best 
manager of the three. He is high in imagina- 
tion, very good in judgment and personality, 
good in knowledge, fair in experience, and 
passable in energy. While energy may be a 
most important qualification in a foreman or 
assistant foreman, it seems to be the least 
important in a manager, as it is not so essen- 
tial that the manager himself be energetic 
as that the many others whom his imagina- 
tion influences shall be so. His individual 
labor, so to speak, cannot be very much 
greater in volume than that of any one 
worker in a force of a thousand, but the 
volume of his induced labor, or that performed 
by others under his inspiration, must be 
very great. Cases of highly capable indi- 
vidual workers, with little or no skill however 
to bring out the best there is in others, will 
readily occur to any observer, as they are 
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numerous in most organizations. What such 
workers are likely to do when invested with 
much power is to keep organic efficiency low 
without any intention or consciousness of 
doing so. It should be borne in mind that 
the kind of energy here referred to is the 
physical or bustling kind; the contention 
here, which some may think a bold one, being 
that it is not a primary qualification for a 
manager, and when out of proportion to 
imagination and other qualifications may be 
distinctly harmful. 

Case 6b would be a fairly efficient manager 
because, although he has less imagination 
than Case A, his average in the other qualifi- 
cations is somewhat higher. The differences 
in his favor in knowledge, experience, and 
energy are not enough to balance the differ- 
ence against him in imagination. In trying 
to determine the rating of particular individ- 
uals through an analysis of the different 
qualifications listed, these qualifications must 
be weighted, as has been already intimated, 
and in a weighted tabulation relating to a 
manager by far the highest number of points 
ought to be given to imagination. A tabula- 
tion with a scale of assumed weights that 
seem reasonable will be given later. 

Case C would be rather mediocre as a 
manager, because his imagination is poor, 
only 40 per cent, and his judgment moderate, 
75 per cent, but es he is high in knowledge, 
experience, and energy, and particularly high 
in energy, he would be able to render useful 
service in a subordinate capacity where he 
could be guided by the imagination of Case 
A or Case B. Given very much authority, 
and left to himself, his low imagination and 
high energy would be the cause of many 
costly blunders. A superabundance of energy 
with little imagination leads to lost motion 
and duplication of effort with belated action 
sometimes on vital matters. 


Appraisal and Classification of Capabilities 

In applying the information obtained by a 
study such as that described, a pension system 
might be made use of in the shifting of men 
or in retiring them prior to the eligible age. 
The main purpose of a pension system, how- 
ever, is to make provision for old age, and 
many exceptions to the rules that govern 
the granting of pensions might defeat that 
purpose. The fitting of men to jobs and of 
jobs to men is a distinct problem. Linking it 
with questions of age, period of service, and 
pensions might therefore lead to confusion, as 
well as to abuse and illwill. 
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Some confusion from this cause may now 
exist. When, for example, an employee is 
seen to lack initiative at 55, 60, or 65, the 
condition is ascribed to advancing age, 
whereas an analysis might show that he lacked 
initiative at 30 or 35, that he was not properly 
fitted to his job at that time and has ever 
since worked under difficulties, with dis- 
advantage to himself and to his organization. 
While old age with its infirmities is at some 
period inevitable, mere statistics relating to 
that point have to be used with much dis- 


crimination. Some employees between the 
ages of 50 and 70 keep in good physical condi- 
tion and preserve a youthful spirit. Their 
TABLE II 
Case A 
WEIGHT RATING TOTAL 
Qualifications UNITS PER CENT POINTS 
Par 100 xX 100 = = 10,000 


Intellectual honesty (Indispensable, therefore 


not weighted) 


Imagination. ..:.-. 385 X 95 = 38325 
Judgmentaeee ee: 185 *X *Sb) =" S530 
Personality aanear 17” Xa 90 R= b80 
Knowledge........ 13 xX 80 = 1040 
Experiences. se OVI Oe 900 
Energy Ses cy erent 5 X 65 = 325 
8650 

Pericent..of Parisien atelier be ae 8614 


experience is a valuable asset and may be 
made use of fully through a plan under which 
human capabilities would be appraised and 
classified. 


A Plan 

The development of such a plan should not 
be difficult; any more difficult than the 
development of a system for the classification 
and appraisal of tools used in production. 
Employees reveal their qualifications through 
what they do and the way in which they do 
it, but it has not been customary to catalogue 
and index the qualifications of a manager and 
to determine their relative influence on effi- 
ciency with the object of making suitable 
selections for jobs. It seems reasonable to 
assume that the quality of administrative 
work could be improved through its treat- 
ment in some such scientific way as that* 
outlined. To be sure, a human _ being 
regarded as a mechanism has more variables 
than other mechanisms, but thorough-going 
study should lead to any necessary or useful 
factoring of these variables. It should be 
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remembered that the qualifications listed are 
basic ones, and that measurements applying 
to them would have to be modified by 
collateral qualifications, or the lack of them, 
as well as by facts as to age, health, and 
temperament. 


One Cause of Misfits 


An associate with whom the writer dis- 
cussed this subject of fitting men to jobs 
suggested that executive ability be classed as 
a basic qualification. For the purpose of 
this article, however, it is not so classed be- 
cause such ability is the result of a co-ordina- 
tion of the qualifications mentioned. Treating 
it as a distinct qualification probably leads to 
many misfits in management. Executive 


TABLE III 
Case B 


WEIGHT RATING TOTAL 
UNITS PER CENT POINTS 


Par 100 X 100 = 10,0C0 


Qualifications 


Intellectual honesty (Indispensable, therefore 


not weighted) 
5 70 


Imagination.......| BO eX = 2450 
Ge men Ge rr eames! 18 X 85 = 1530 
Personality . ae Lien x 90" =" 15380 
Knowledge........ Laer Oo weet LOD 
Experience... ....... 12 X 80 = 960 
LON Talons oe eee 5 X 80 = 400 
7975 

CtRCERGhOM Vat eer iIn ake bi eink os 79 34 


ability, for example, is popularly associated 
with energy or motion, and as a consequence 
an energetic man, or one whose motions are 
rapid and vigorous, is readily chosen for a 
job for which he is not wholly fitted because 
of low or mediocre imagination. In practice, 
it is much easier to err through the mis- 
placing of energetic men than through 
the misplacing of those of high imagination. 
A man who is high in imagination, but 
very low in energy, as well as in the other 
qualifications, is apt to be appraised as a 
day-dreamer, and on that account definite 
responsibilities are not readily assigned to 
him. He is left to work in the way in which 
he can best work. 

To state the case in another way, there is 
an automatic check on the mischief that a 
mere day-dreamer may do; whereas a man 
with boundless energy, particularly if com- 
bined with an engaging personality, but with 
very little imagination, knowledge, and ex- 
perience, can do irreparable damage before 


his limitations are gauged. 


The writer recalls a dialogue which he 
once heard between two loyal employees 
concerning their superior. ‘‘He is dynamic, 
but lacks vision,’ said the first employee. 
“Yes,” said the other, ‘“‘he certainly qualifies 
on dynamics, but it is a pity that he is 
not made chief of the mailing depart- 
ment or the yard gang where he could 
do justice to himself and be of service to 
the organization.’’ This case was one of an 
apparent misfit in a managerial job. 


Qualifications Weighted 

In Tables II, III, and IV, the three cases 
that have been described are analyzed to 
determine the fitness of each for a managerial 
job through a weighting of their qualifica- 


TABLE IV 
Case C 


WEIGHT RATING TOTAL 


Qualifications UNITS PER CENT POINTS 


| Par 100 X 100 = 10,000 


Intellectual honesty} (Indispensable, therefore 
| ; 


not weighted) 


Imagination.......| 30 5 2K AD. =a 1400 
AE Ca Cas ort AsO ee bina <p doe RY, 
Personalty cc oor Liga Oe ae eh LOO 
Knowledge........| Teck SOS tet 0 
Experience... . .| 12 OO) = 080 
ETL EE Ys ein fake Sst x SB DOO = \ 485 
/ 6675 

Berean’ Gielat.., eaves aae ro here mark aca 66 34 
tions. The rating percentages established 


earlier for the different classifications in 
each case are retained; and 10,000 points, 
fixed as unity, are apportioned to the quali- 
fications according to the importance of the 
latter. 

It is easy to see that in dealing with actual 
cases differences of opinion may develop as 
to ratings and as to the apportionment of 
weight units to the different qualifications. 
Some may think that energy, for example, 
should be ranked higher than seventh and 
given a greater number of weight points than 
five; and they may beright. The tabulations 
are but one expression of judgment concerning 
the relative influence on organic efficiency of 
qualifications required in a manager as 
distinct from men filling other positions. 
All of the qualifications mentioned are 
essential. Why energy is placed at the bottom 
of the list and given the fewest weight units 
has already been explained in part. No 
disparagement of that praiseworthy qualifica- 
tion is intended. The fact that Case A is 
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only passable in energy unquestionably limits 
his value in some measure. With imagination 
of 95 per cent and judgment of 85 per cent, 
he would be better off with energy of 80 
or 90 per cent instead of 65. Case C how- 
ever is different. With rather low imagi- 
nation and only passable judgment, his 
energy of 97 per cent would make him a 
positive menace in a managerial job. Team- 
work being the outstanding requirement in 
an industrial organization, the individual 
hustler has a mission there only as he works 
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constructively with others and is as eager to 
promote their efficiency as his own. 

In conclusion, the writer wishes to state that 
his primary intention has been to illustrate the 
practicability of predicting managerial ca- 
pacity through the determination and ap- 
praisal of the essential qualifications. The 
problem of personnel is receiving widespread 
attention, and will be solved largely through 
the selection of capable managers, because the 
men at the top give an organization its tone 
and are the measure of its capacity for service. 


Oil-immersed X-ray Generating Outfits 
and Their Uses 


By Dr. W. D. CooLinGE 


RESEARCH LABORATORY, GENERAL ELECTRIC COMPANY 


The application of x-rays to medical diagnosis and treatment formerly depended upon apparatus which 
was both bulky and costly. Its successful operation required elaborate equipment and the services of a 
trained personnel. Dr. Coolidge, who is the inventor of the tube which bears his name, has now come for- 
ward with small, self-contained x-ray outfits which, being portable and easily and safely manipulated without 
expert technique, can be used in many new applications, in dentistry, in the physics laboratory, and in the 
industries. In answering the need for simpler and safer x-ray outfits these sets are destined to spread the use 
of Roentgen’s discovery into many new fields. The article we are here presenting is reprinted from the Dec., 
1924, issue of the Journal of the Optical Society of America and Review of Scientific Instruments.—EDITOR. 


The application of x-rays has almost With the advent of a self-rectifying x-ray 


invariably been attended by the possibility 
of accidental electric shock to the operator 
and, in medical applications, to the patient 
as well. In the early history of the art, when 
the x-ray tube was excited from a static 
_machine, an induction coil or a_high- 
frequency coil, contact with the high tension 
circuit ordinarily involved only annoyance 
and discomfort. With the advent of higher 
power tubes, operated from transformers, that 
which had been merely a possible source of 
annoyance became a real danger. The 
hazard was still further increased when, for 
radiographic work, the rheostat in the low 
tension circuit, used to control the voltage in 
the high tension circuit, was replaced by an 
auto-transformer. 

The electrical danger could, at any time, 
have been eliminated by putting the whole 
high tension system, including the x-ray 
tube, into an earthed metallic enclosure. 
This method, however, when applied to the 
early forms of x-ray apparatus would, in 
general, have rendered them bulky and 
mechanically rather inflexible. 

“a Am. Jour. of Roentgenology, 7, pp. 181-189, 1920. 


tube, which is stable and can be made very 
small, it became interesting to mount the 
x-ray tube inside of the transformer tank and 
in the same oil with the transformer, making 
the latter as small as possible. In another 
paper™ the writer has described his earlier 
work in this field. The following is a descrip- 
tion of two experimental outfits of the oil- 
immersed type, which have been more 
recently developed. They were both intended 
primarily for medical diagnostic work. 
Laboratory experience with these outfits 
shows that they should also have many 
other fields of usefulness. They lend them- 
selves especially well to physical demon- 
strations and, in general, to cases where 
x-rays are desired for short periods of time. 
Owing to the enclosure of the whole high 
tension system in a grounded metal container, 
there is with this system no external elee- 
trostatic field. This eliminates the danger of 
electric shock and is an advantage in some 
experimental work where the effect of x-rays 
might otherwise be masked by the presence 
of the electrostatic field of the high tension 
system. This type of apparatus also permits 
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a very close approach to the focal spot and, 
hence, to a region of strong x-ray intensity. 
Other advantages are to be found in the 


.mechanical ruggedness of the apparatus and 


in the simplicity of its operation. 


Dental Outfit 

The small outfit described in this section 
was developed primarily for the use of the 
dentist for intraoral radiography. 


Dental Unit Mounted on Wall Bracket 


Fig. 1. 


In its mechanical design the aim has been 
to attain the following ends: 

(1) Toenabl the operator to follow his visual 
inspections by a radiograph without in 
any way changing the position of the 
patient. 

(2) Easy and smooth mechanical operation of 
the outfit. 

(3) Easy and complete removal of the outfit, 
when not in use, from the neighborhood 
of the patient. 

(4) The occupation of as little floor space as 
possible. 

On the electrical side, attention has been 
given to: 

(1) Electrical protection from both the high 
tension and low tension circuits. 

(2) Minimizing the effect of line voltage 
fluctuations by the use of a stabilizer 

: which holds the milliamperage constant. 

The attractiveness of the system is very 
largely dependent upon the degree of per- 
fection attained in the mechanical and elec- 
trical design. This is due mainly to the 
following considerations: 

To move the source of rays, it is necessary 
with this system to move the whole x-ray 
generating outfit, which is, of course, heavier 


_ than a simple x-ray tube and protective shield. 


To make such movement easy and smooth, 
and this is very desirable for work about the 
face, friction must be reduced to a minimum. 
To this end, the weight of the generating 
outfit must be reduced to a minimum. Light 
weight is desirable for two other reasons. 
Even if there were no friction, there is the 
inertia of the mass to be overcome in putting 
the outfit in motion or in stopping it. Fur- 
thermore, the weight has to be carried, in 
some positions, at a distance of several feet 
from the supporting wall or column and this 
calls for a very strong support, unless the 
weight is kept small. 

Because of the diminished accessibility of 
its parts, such an outfit, to be desirable, must 
operate faultlessly for long periods of time. 


General Description 


The dental outfit is shown in Fig. 1 and 
consists of an x-ray generating unit which is 
completely enclosed in the grounded metallic 
container, /, and is mounted on pivots in a 
rotatable fork, F, attached to a special wall 
bracket. This mounting permits the unit to 
be pointed in any direction, raised and lowered 
and brought to any point within quite a 
large space. Through accurate balancing of 
parts and the use of friction devices, the 
movement of the unit is made easy and 
smooth and it stays wherever it is put without 
the use of clamping devices. Low tension is 
led to the transformer by means of the single 
conductor insulated cable & passing through 
metal conduits. The grounded metal bracket 
itself is used for the return circuit. At no 
point is the live side of even the low tension 
circuit exposed. The x-ray tube oper- 
ates at 10 milliamperes and 56,000 volts 
(max.), and the time factor is automatically 
controlled by means of a small time-switch, 
not shown in the illustration. 


The X-ray Generating Unit 

The x-ray generating unit is shown in 
length section in Fig. 2 and in end section in 
Fig. 3. 

The small x-ray tube, X, is seen mounted 
close to the high tension coils C; and C2 of the 
56,000-volt (max.) transformer. The low 
tension coil, not shown, is on the same leg of 
the magnetic circuit as the high tension coils 
and is inside of the latter. JT is the separate 
filament transformer, M the metal tank and 
B the bakelite cover. B, is a false cover 
of aluminum which supports the bakelite 
cylindrical tubes Q; and Q: which serve to 
establish mechanical contact with the patient. 


184 March, 1925 


Z is asheet of 35-inch lead and Dis a tapering 
tube of the same material for the x-ray 
protection of the operator. 

Fig. 4 is a length view showing a cross 
section of the oil expansion chamber G and 
the Kearsley stabilizer J together with the 
resistance unit R, which is automatically cut 
in and out of the filament circuit by the 
stabilizer. W is a cover, here shown raised, 
but ordinarily closed, to protect the stabilizer 
and resistance unit. 


The Support Mechanism 

The x-ray unit, which weighs 20 pounds, is 
rotatably so mounted in a steel fork that the 
axis of rotation passes through the center of 


Fig. 2. Length Section of Dental Unit 


gravity of the unit. The fork is itself rotatable 
about its vertical axis, V,, Fig. 1. A link 
mechanism, N, permits of raising or lowering 
the unit through a distance of 14in. Freedom 
of motion in an essentially horizontal plane 
is permitted by an S. S. White dental bracket, 
V (here used in an inverted position). The 
whole supporting arm is made rotatable 
about a vertical axis, Vo. 

So far as its vertical motion is concerned, 
the weight of the unit is accurately balanced 
in all positions by a pair of spiral springs 
(inside of the tubular spring-housings), Z, 
and Z» and steel cables, K; and K», passing 
over specially designed cams, O; and O,. For 
the purpose of maintaining this balance in the 
face of changes which may take place in the 
springs, the tension of the latter is made 
adjustable. 
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The design of the dental arm is such that 
the 20-pound unit is nearly in equilibrium 
in the horizontal plane. 

Through the inherent friction and through 
the use of friction discs the unit will stay 
wherever it is put in space. 

The bracket may be carried from the wall, 
as in Fig. 1, from a special column, or from 
some existing dental fixture. 

Relative immobility of x-ray tube and 
patient is secured by the following artifice: 
A cylindrical tube of bakelite or other 
material, Q,, Fig. 2, is rigidly attached to the 
cover of the x-ray unit. A second tube, Q:, 
with an easy sliding fit inside the first one and 
with a travel of about 1 in. is urged outward 


Fig. 3. End Section of Dental Unit 


by a weak spiral spring, P. The inner tube, 
moving freely in its sheath, maintains 
mechanical contact between the x-ray outfit 
and the patient. The spring under the 
movable tube controls the contact pressure 
and must not be too strong as otherwise it 
will cause discomfort to the patient. On the 
other hand, it must not be too weak as 
otherwise it will not be sufficiently effective. 
The effect of the contact tube is to hinder 
relative motion of x-ray outfit and patient in 
any other direction than the one which is least 
harmful to the resulting radiograph. Even, 
in this direction also it is quite effective 
owing to the friction between tube and 
sheath. 

The spring behind the contact tube tends to 
push the x-ray outfit away from the patient. 
Such motion, if allowed to take place, would 
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defeat the purpose of the contact tube, and is 
prevented by the use of a friction device, S, 
in Fig. 1. 


The X-ray Transformer 

The small x-ray transformer is the result of 
a good deal of experimental work. The 
following are some of the considerations 
affecting its design: 

The smaller the cross-section of the iron 
core, the greater is the number of turns 
required in the primary and secondary coils. 
Reduction of iron beyond a certain point will 
then lead to an increase rather than a decrease 
in the diameter of the high voltage coils. 
Furthermore, the effect of the increase in the 


Fig. 4. Length View of Dental Unit, with Oil 
Expansion Chamber, G, Stabilizer, J, and 
Resistance, R, Uncovered 


number of turns will be to increase the resist- 
ance of the coils and this, for use on a self- 
rectifying tube, will, for a given “useful’’ 
voltage, increase the “‘inverse.’’ It will be the 
higher of the two voltages, the inverse, which 
will determine the insulation required for the 
high voltage coils. The increased ‘‘inverse”’ 
will then necessitate larger secondary coils 
with more spacing between them and a larger 
container. 

A reduction in the diameter of the copper 
wire used in the coils will increase resistance 
and hence increase “‘inverse.’’ Beyond a 
certain point, then, a decrease in the diameter 
of wire will be attended by an increase in the 
size of the container. 

There will be a compromise design which 
will lead to the smallest and lightest weight 
outfit. 


The Tube 

Fig. 5 gives a _ half-size view of the 
tube, and Fig. 6 an enlarged cross-sectional 
view of the cathode. With the small focus- 
ing device, the focal spot would be too small 
were it not for the molybdenum .pin which 
projects through the center of the filament 
spiral. 

The tube operates, in oil, at 56,000 volts 
(max.) and 10 ma. The bulb of this tube, the 
stippled portion in Fig. 5, is made of glass 
containing 55 per cent by weight of the 
element lead. The wall-thickness is 1@ inch. 
The protection offered by the lead glass 
envelope is equal to that of 33 inch of sheet 
lead. The window through which the x-rays 
emerge is made of thin walled, lead-free, 
lime glass. The focal spot is Y inch in 
diameter. The angle of the toe of the target 


Fig. 5. Dental Tube (one-half size) 


Fig. 6. Enlarged Cross Section of 
Cathode of Dental Tube 


has, in this tube, been made 60 deg. instead of 
the usual 45 deg., for the following reason: 
If, through overload or any other cause, the 
tube should allow any “‘inverse’’ current to 
pass, it is desirable that this ‘‘inverse,’’ 
which comes from the focal spot in a direction 
normal to the working face of the target, 
should be intercepted by the molybdenum 
focusing device. It would otherwise impinge 
upon the glass wall of the tube and probably 
crack this by local heating. The use of the 
larger target angle brings the normal to the 
target face nearer to the tube axis and hence 
permits of the use of a smaller focusing device 
than would otherwise be necessary. This is 
important in this case where it is so desirable 
to make the tube small. 

The cathode filament spiral calls for a 
heating current of 2.2 amp. at 2.6 volts. The 
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low filament wattage involved permits of the 
use of a very small filament transformer. 


Oil Expansion Chamber 

As a result of the low efficiency of x-ray 
production and the location of the x-ray tube 
in the oil with the transformer, all but a 
negligible amount (less than one-tenth of one 
per cent) of the electrical energy delivered to 
the transformer appears finally in the oil as 
heat. 

The tank and other metal parts expand 
relatively little but the oil expands consider- 
ably on heating. 

For the device to be operable in all positions, 
it is necessary, for the insulation of the high 
tension system, that the tank shall at all 
times be full of oil. 

As the tank is made of thin metal and as it 
must be maintained perfectly oil-tight, it is 
not permissible for the oil-pressure within the 
tank to rise to more than 5 or 10 pounds 
above that of the atmosphere. 

In the present outfit, the expanding oil 
flows out from the tank through the tube U 
(Fig. 4) into the cylindrical chamber G, in 
which there is an accordion-shaped metal 
tube, L (a piece of ‘‘sylphon”’’ tubing), 
closed at the inner (right-hand) end, which 
collapses as oil flows into the expansion 
chamber. 

The advantages in this type of expansion 
chamber over that formerly used“) are that 
it reduces the bulk of the apparatus and 
reduces the pressure within the tank. 


The Stabilizer 

A small Kearsley stabilizer,® J, Fig. 4, 
mounted on the outside of the unit, serves to 
hold the milliamperage constant at the pre- 
determined value. The mode of operation of 
the stabilizer is seen by referring to the 
diagram, Fig. 7. The high tension current 
which passes through the x-ray tube is made 
to pass through the magnet coil, H, of the 
stabilizer. The magnet coil operates an 
armature, J, which carries one of a pair of 
co-operating contacts, D,; and D.. Through 
the operation of the stabilizer, the resistance, 
R, is cut in and out of the primary circuit of 
the filament transformer. By automatically 
controlling the fraction of the time that 
this resistance is in the filament supply circuit, 
the stabilizer maintains, in spite of line voltage 
changes and in spite of changes which may 
take place within the x-ray tube, a constant 

(2) Am. Jour. of Roentgenology, 7, No. 4, pp. 181-189, April, 


1920. 
(3) W. J. Kearsley, Jr., Jour. of Radiology, pp. 3-7, July, 1921. 
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current through the latter. Owing to the 
fact that the energy required in the filament 
heating circuit is so small, only about 6 watts, 
the sparking at the stabilizer contacts is very 
slight, a fact which makes it possible to 
operate the outfit a great many times before it 
becomes necessary to change the adjustment 
of the stabilizer. 


X-ray Protection 

As has been pointed out, the lead-glass wall 
of the x-ray tube is equivalent in protecting 
power to ys inch of sheet lead. Further 
protection might be unnecessary were it not 
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=— Ground 


Fig. 7. Diagram of Connections 


for the following fact: The inner walls of the 

tube are so close to the focal spot and, hence, 

exposed to such a high x-ray intensity that 

they serve as a very strong source of secondary . 
trays and these escape under a wide angle 

through the transparent window. To sup- 

press them, a sheet of lead gy inch thick, Z 

in Fig. 2, and the lead cone, D, are used. 


The Low Tension Circuit 

Only one wire is used for the low tension 
circuit, the supporting arm itself serving as 
the return conductor. With this system, but 
two sliding contacts are required, one at the 
upper end of the fork which supports the unit 
and the other at one of the lower ends of the 
fork. 

The circuit diagram is given in Fig. 7, in 
which the letters have the same significance 
as in the preceding illustrations. 

Current is supplied to the unit from a 1 to 1 
transformer provided with several taps. 
The coil of this transformer which delivers 
current to the x-ray transformer has one end 
connected to earth and to the metal support 
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arm and the other end to the insulated cable. 
The function of this auxiliary transformer is 
two-fold. Its use makes it safe to apply the 
ground as shown, and, through the choice of 
the proper tap, it adapts the line voltage to the 
unit. 


The Operating Switch 

The operating switch, d (Fig. 7), first closes 
the low tension circuit through the resistance, 
r, and upon being depressed further short 
circuits this resistance. The use of the 
resistance point in the switch prevents the 
high voltage surge which would otherwise 
take place whenever the circuit is closed on 
the peak of a wave. 


Fig. 8. Safety Device for Dental Unit 


Electrical Characteristics 

The electrical characteristics of one of the 
units are given in Table I, in which the first 
and second columns give the primary voltage 
and current respectively, delivered to the 
x-ray transformer from an auto-transformer 
with variable taps. The third column gives 
the milliamperage flowing through the tube. 
The fourth and fifth columns give the peak 
voltage, ‘“‘useful’’ and “‘inverse’’ respectively, 
determined by the use of a sphere-gap and 
kenotron. The normal operating ‘‘useful’’ 
voltage for this outfit is 56 kilovolts, at which 
point the ‘“‘inverse’’ voltage is seen to be 
only 7.5 per cent higher than the ‘‘useful.”’ 

To operate from a direct-current supply, a 
rotary converter has to be used, and care has 
to be taken in its design to prevent its causing 
too large an increase in the “‘inverse’’ high 
tension voltage. 

The filament heating current is 2.2 amperes 
at 2.6 volts. 


Capabilities and Limitations of the Small Unit 

To study the effect of mechanical vibration, 
one of the small units was placed in a close- 
fitting wooden box and carried about on the 
floor of an automobile for several weeks of 
rough winter driving. The mileage involved 
was small, but twice a day the outfit was taken 
from the car to the house or laboratory and 


was, on each occasion, dropped from some 
little height to the floor. The wiring in this 
particular outfit had been so arranged that a 
milliamperemeter could be connected in, 
and at least once a day the milliamperage was 
measured. Although the abuse seemed as 
severe as the wooden box would stand, no 
damage was done to the unit and the adjust- 
ment of the stabilizer remained unchanged, 
as was shown by the fact that the milliam- 
perage remained constant. 

This small unit was intended for diagnostic 
work only. Even in this field, however, there 
is a perfectly definite limit to what can be 
done with it as it stands. 


TABLE I 
| Tube KILOVOLTS (MAX.) 
Prim. Volts | Prim. Amp. eee pe; a eae 
| | amperes) Useful Inverse 
| 
| | 
104.0 4.7 0) oe ae 56.0 
86.5 8.5 10 42.0 | 48.3 
92.0 8.7 10 45.5 51.8 
97.5 9.2 10 48.3 54.6 
103.0 9.7 10 52.5 Dige 
105.0 10.0 | 10 D427. «t 58.8 
109.0 17a 10 56.0 | 60.2 
114.5 123) si) 10 | 58.9 | 63.1 
119.5 14.3 10 OL-6. 4 66.5 
| 


In one experiment, a current of 10 ma. at 
63,000 volts (max.) was thrown on for 5- 
second periods with 20-second intervals of 
rest. At the end of 45 minutes the tempera- 
ture of the oil in the can had risen to 62 deg. 
Centigrade and the pressure, shown by an 
attached gauge, had risen from 0 to 10 pounds 
above that of the atmosphere. While it 
would not have been safe to go much higher 
with either the temperature or pressure, no 
harm had been done to the outfit. This 
service was equivalent to making 108 intraoral 
dental radiographs in 45 minutes on slow 
film. It would not have been safe to continue 
at this rate as temperature equilibrium had 
not been reached. 

Other experiments indicate that it would 
be conservative to use the unit continuously 
for 40 such dental radiographs per hour on 
“slow”’ film or about 200 per hour on “‘fast’”’ 
film. This latter figure is probably a higher 
speed than could be maintained by any 
operator. : 

That the life of such an outfit, working 
within its limitations, should be very long 
was indicated by an experiment in which an 
outfit was operated from a motor-driven 
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switch, at 10 ma. and 56,000 volts, on a 
schedule of 5 seconds on and 65 seconds off, 
109,000 times. There was no evidence of the 
tube having been changed in any way by the 
experiment. 

Six of these experimental outfits have now 
been in use in dental offices for over two years 
and during this time only one tube has given 
trouble. 


Fig. 9. Dental Unit in Portable Form 


Where it is desirable to use the outfit for 
such hard service that it might otherwise 
become overheated, the safety device shown 
in Fig. 8 can be added. The oil expansion 
chamber, G, is that of Fig. 4 and the safety 
device consists of a pair of contacts e, and é 
in series with the low tension circuit of the 
x-ray transformer. As the outfit heats up, 
oil flows into the chamber G compressing the 
sylphon, L. The closed end of the sylphon 
carries a bakelite rod, f, which passes loosely 
through the contact-carrying member g. 
When the maximum allowable temperature 
has been reached, the rod, f, presses against 
the other contact carrying member, h, and 
so opens the primary circuit of the x-ray 
transformer, keeping it open until the tem- 
perature of the outfit has fallen to a point 
where it can be again operated with safety. 

If, for any purpose, the outfit is generally 
to be used in such a position that the tube 
stands uppermost in the tank above the 
transformer, the energy which can be con- 
tinuously dissipated from the tank can be 
considerably increased by making the tank 
of copper or aluminum, instead of iron, and 
making it thick enough so that it will have an 
essentially uniform temperature throughout. 
If, on the other hand, the tank is made of 
thin sheet iron, then only the oil in the 
neighborhood of the anode and above it will 
be hot and, because of this fact and the 
low heat conductivity of the thin iron, only 
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the upper portion of the tank will be very 
effective as a heat radiator. 


Other Applications of the Oil-immersed Dental Unit 
As a Portable Device 


In its simplest and most portable form, 
the unit is shown in Fig. 9, mounted ina 
wooden box which is provided with a remov- 
able cover which carries a suitable handle. 

The small resistance unit, 7, of Fig. 7, is 
included in the handle of the push-button 
switch. 

In this form the unit can be used for 
bedside radiography. 

It seems especially well adapted to use in 
the surgical operating room for fluoroscopic 
control in connection with the removal of 
kidney stones, that is, in those cases where 
the kidney is, for this purpose, delivered 
through the wound. 

Such an outfit might render useful service 
to the building-contractor for the fluoroscopic 
examination of walls and ceilings for getting 
information concerning the location of con- 
cealed timbers, wires, pipes, etc. 

In this form the unit should find many uses 
in industrial research where it can be employed 
for easy radiographic or fluoroscopic work, to 
differentiate between substances which do 
and those which do not fluoresce under the 
influence of x-rays, to ionize gases, to dissipate 
electric charges on the surface of non-con- 
ductors, or with the help of an electric field 
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Fig. 10. Vertical Section of Unit Equipped for Fluoroscopic 
Demonstration of Laue Diffraction Experiment 


to give to the surface of either a conductor or 
an insulator an electric charge of either, 
sign. 


For Physical Demonstrations 

The following illustrations will serve to 
show the usefulness of the device in physical 
demonstrations. 
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Diffraction of X-rays 

With the device arranged as in Figs. 10 and 
11, the Laue experiment can be shown 
fluoroscopically. For this set-up, the cover 
of the outfit, shown in Fig. 9, has been 
replaced by a metal plate, 7, in the small 
depressed portion of which is an opening, 
j, 0.067 in. in diameter. This diaphragm, 
together with a second one, k, having an 
opening of the same size and mounted 1% in. 
above the first, serves to define a small beam 
of x-rays which passes upward to the fluores- 
cent screen, /.“4) The observer is protected 
by the lead glass, m. 

With the apparatus as shown, a rock-salt 
crystal, a, cemented to the end of a rotatable 
shaft, , is in the path of the x-ray beam. 
As the rock-salt crystal is rotated (by means 
of the knurled head, o) the diffraction pattern, 
seen on the fluorescent screen, shifts, while the 
primary beam remains fixed in position. 

The plate on which the rotatable rock-salt 
crystal is mounted is pivoted on a vertical 
axis, p, and carries two other crystal frag- 
ments, one of sapphire at g and one of diamond 
at.s. The dotted position shows the crystal 
s in the path of the x-rays, and a position 
intermediate between the solid and dotted 
positions brings the crystal q into the 
beam. 

Through the agency of a spring actuated 
pawl, t, and two stops, u and v, the crystal 
carrying member is given four definite 
positions, one for each of the three crystals 
and one in which there is nothing interposed 
in the path of the rays. 


Fig. 11. Plan View Corresponding to Fig. 10 


W is a metal cover which can be slid over 
the crystal carrying member, when the outfit 
is not in use, for mechanical protection. 

(4) The most sensitive fluorescent screen available should be 
used for this purpose. That made by the Patterson Screen 


Company, of Towanda, Pa., has been found very satisfactory. 
(3) T. Shimizu, Roy. Soc. Proc. 99, pp. 425-431; Aug. 2, 1921. 


Ray-track Experiment 

For use with the C. T. R. Wilson apparatus, 
as modified by Shimizu, the x-ray unit is 
provided with a special metal cover carrying 
two diaphragms and is so placed (see Fig. 
12) that the small x-ray beam defined by these 
diaphragms passes about an inch to one side of 
the expansion chamber, y. A _ circular 
window, 2, of aluminum foil, 0.0025 in. 


Fig. 12. Plan View of Unit Arranged to show 
X-ray Scattering by Means of Ray 
Track Apparatus 


thick and %% in. in diameter, is clamped at 
the periphery between two brass rings and 
these are fastened with Khotinsky cement 
in a hole drilled in the glass side-wall of the 
expansion chamber. 

When the x-ray switch is closed, no clouds 
are seen in the chamber unless some source 
of secondary rays is interposed in the x-ray 
beam opposite the aluminum window, in 
which case scattered radiation can enter the 
expansion chamber. 

When a piece of wood is used as the scatter- 
ing agent, the clouds in the ray-track appara- 
tus appear to have an average length of 
perhaps acm., while if copper is used, most 
of the clouds appear to be only perhaps 2 mm. 
long. The difference is very apparent and the 
short clouds are due to the K-radiation from 
the copper. 


The Millikan Oil-drop Experiment and a 

Working Model of It 

In Fig. 13 an x-ray unit is shown in the 
center with the Millikan oil-drop apparatus 
to the right and the model to the left. 

The oil-drop apparatus is essentially as 
described by Millikan.“ A second, demon- 
stration, eye-piece has been added to the 
telescope. The second observer uses the 
eye-piece a while the demonstrator uses the 
other eye-piece, 0. 
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Pressure on E uncovers the hole in the 
upper plate d. Compressed air is admitted 
to the atomizer g, through a valve which is 
not shown. 

The self-feeding arc-lamp, L, is placed in a 
light-tight housing, provided with ventilating 
louvres. 

The room is effectively darkened. 

High-voltage direct current is obtained from 
a transformer, not shown, and a kenotron, K. 
A high-resistance unit shown to the left of 
the kenotron is used to limit the current 
which can be drawn from the transformer in 
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The working model of the experiment is 
seen to the left of the x-ray outfit in Fig. 13. 
The large metal plates, C and D, correspond 
to the plates c and d of the Millikan apparatus. 
C is, like c, connected to ground while, by 
means of S; and Sy, the high tension current 
can be switched from d to D. 

The high tension voltage is regulated by 
means of a rheostat which is connected in 
series with the primary of the high tension 
transformer. 

The disc of paper, P, corresponds to the 
oil-drop and is hung by a piece of light oiled 


Neue 


Fig. 13. Perspective View of Unit Arranged to Demonstrate Millikan Oi!-drop Experiment 
and to Operate a Working Model of It 


case the operator makes accidental contact 
with the high-tension circuit. A second high- 
resistance unit, connected between the keno- 
tron and ground, allows the voltage of the 
high-tension circuit to drop as resistance is in- 
serted inthe primary circuit of the transformer. 

The x-ray outfit is carried by a vertical 
rod which passes through the top of the table 
and is counter-weighted so that it can be 
easily raised and lowered. It is also easily 
rotatable about the vertical axis. 

No attempt has been made to do quantita- 
tive work with this apparatus, but it has been 
used with great satisfaction for showing the 
qualitative side of the Millikan experiment. 

fo) R. A. Millikan, Phys. Rev. 82, pp. 349-397; 1911. 


silk fish line from one end of the‘light wooden 
scalebeam, E. The paper disc is roughly 
balanced by the counterweight, W, and 
brought to approximately the midway posi- 
tion between the two plates by means of the 
rider, R. 

The experiments may be carried out as 
follows: Plate D is brought to +10,000 volts. 
If this does not disturb P, it shows that P is 
uncharged. 

If now, leaving D charged to +10,000 volts, 
a thin beam of- x-rays, defined by the rec- 
tangular slit in the diaphragm F, is passed 
through the air belowP, the latter quickly rises 
showing that it has acquired a negative 
charge. 


Pad e ‘ 
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If the voltage of D is reduced to zero, P 
returns to its original position, moving 
upward again, however, if D is again brought 
to +10,000 volts. 

The negative charge may next be removed 
from P by bringing D to zero potential and 
then, with diaphragm F dropped down, as 
shown in the dotted position; turning a large 
beam of x-rays on P and the surround- 
ing air. 

That the charge has been removed is shown 
by the fact that upon now bringing D to 
+10,000 volts P does not move. 

If now using the rectangular diaphragm, 
and with D at +10,000 volts, a thin beam of 
X-rays 1s passed through the air above P, it is 
seen that P moves downward, showing that 
it has acquired a positive charge. 

The behavior of the piece of paper is then 
like that of the oil-drop. It can, at will, be 
made to either acquire or lose electrons. 

The experiment also has this to recom- 
mend it that, unlike many static experiments, 
it works as well in wet as it does in dry 
weather. 


Fig. 14. High Power Oil-immersed Outfit as Arranged 
for General Medical Radiography 


Thermoluminescence 

If a piece of fused quartz is held for a 
couple of seconds in the x-ray beam close to 
the window of the unit, and is then sub- 
sequently heated in the dark in the flame 


from a Bunsen burner, it is seen that, long 
before becoming visibly red, the quartz gives 
off a bright blue light. 

If a strip of the ordinary calcium-tungstate 
intensifying screen, say an inch wide, is held 
witha pair of tongs in the x-ray beam close to 
the window of the x-ray outfit, one sees, in a 
darkened room, a brilliant blue luminescence. 


Fig. 15. Tube Used in High Power Outfit of Fig. 14 
(One-quarter size) 


Upon removing the screen from the x-rays, 
one sees that there is but little phosphores- 
cence. If now the screen is brought to liquid 
air temperature, by immersing it for a moment 
in a Dewar flask filled with liquid air, and 
then quickly placed in the x-ray beam for 
a few seconds, one notices, upon removing it 
from the beam, first a slight phosphorescence 
and then, as the screen warms up, a brilliant 
yellowish green thermoluminescence. 

The experiment is much more beautiful 
if a barium-platino-cyanide screen is used. 
In this case the screen gives off green light 
under the influence of the x-rays and shows 
very little phosphorescence. If immersed in 
liquid air and then quickly subjected for a 
few seconds to x-rays it shows, upon warming 
up, six distinct thermoluminescent periods 
taking place in the following order: 

Green 

Light yellowish green 
Reddish brown 

Light green 

Light reddish brown 
Dark reddish brown. 


Experimental Oil-immersed Outfit for General Med- 
ical Diagnostic Work 

This outfit is very similar to the dental 
outfit already described but differs from it 
in enough respects to warrant a brief de- 
scription. 

It is designed to operate at 30 milliamperes 
and 84,000 volts (max.). 

The x-ray generating unit, consisting of 
high voltage transformer, filament trans- 
former, x-ray tube, metal container and oil, 
weighs 90 pounds. 
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The unit is shown in Fig. 14 mounted on a 
regular radiographic table.” To house the 
heavy counterweight, the supporting steel 
tube is made very large—5 in. in external 
diameter. 

By accurate counterweighting and the use 
of ball bearings throughout and by arranging 
to have the two horizontal axes, about 
which the unit rotates, pass through its 
center of gravity, the movement of the unit 
at any point within its range is made easy 
and smooth. 

The connections inside the unit are the 
same as in the dental unit. The outside 
connections are so changed that the x-ray 
switch controls only the current supply to the 
x-ray transformer. A separate switch con- 
trols the current supplied to the filament 
transformer. 

The control stand contains the usual auto- 
transformer, voltmeter, time-switch, milliam- 
peremeter and adjustable Kearsley stabilizer. 

A flexible four-wire low tension cable, 
leading from the unit, is carried on a large 
spring-reel supported either from the ceiling 
or from a fixed mast attached to the table. 
Contact between the wires of the flexible 
cable and the stationary wires leading away 


(7) A special table of heavier construction would be much 
better for this purpose. 
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from the reel is secured through brushes and 
slip-rings. 

The x-ray tube is shown in Fig. 15. It is 
designed to operate at 30 milliamperes and 
84,000 volts (max.), and to have a much 
larger factor of safety than the regular 30 
milliampere Radiator tube. The bulb is 
334 inches in diameter and the overall length 
of the tube is 8% inches. The anode head is 
made large and hemispherical in shape and, 
to permit of more rapid heat flow to the oil, 
the anode stem is made very large—7 inches 
in diameter. To increase that portion of the 
anode surface which is in contact with the 
oil, a circular disc of copper 2% inches in 
diameter is soldered to the outer end of the 
anode stem. 

X-ray protection is obtained by the use of 
lead on the outside of the metal tank con- 
taining the unit. 

This outfit, because of the larger external 
surface of the container, is capable of con- 
tinuously radiating more energy than the 
dental outfit. It is intended, however, for 
medical diagnostic work and any heavier 
duty than this would call for water or forced 
air cooling. 

It is a pleasure to acknowledge the able 
assistance, in this work, of Mr. George Hotal- 
ing and Mr. Leonard Dempster. 
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Studies in the Projection of Light 
PART XVI 
THE HYPERBOLOID WITH A POINT SOURCE OF LIGHT 


By FRANK BENFORD 
PaysIcist, ILLUMINATING ENGINEERING LABORATORY, GENERAL ELECTRIC COMPANY 


A reflector or mirror that gives a broad beam is widely employed in floodlighting, and there are several 
methods of securing a beam that is wide and at the same time definitely defined. The hyperboloid gives a beam 
that may be given any desired width by a proper design, and as the author points out in this installment, the 


beam formation is more under the control of the designer than is the case with the paraboloid. 


The two 


reflectors are in many respects exact opposites in their optical actions and the rules for one do not apply to the 
other. The testing conditions are greatly simplified through the fact that the light from a hyperboloid seems 
to come from an image whose intensity in any given direction is constant and independent of the distance. 
The analysis of the hyperbolic beam is thus a matter of the greatest directness and simplicity.— EpITor. 


Optical Action of the Hyperboloid 

The hyperboloid is the third of the trio of 
conics and, with an exception to be noted 
later, it completes the list of elementary opti- 
cal actions. The ellipsoid converges the 
light upon a real focal point, the paraboloid 
renders the light parallel, and the hyperboloid 
diverges it so that it radiates from a virtual 
image point. It is a matter of common 
experience that the beam from a parabolic 
mirror can be spread by moving the lamp 
away from the focus, but there is a sharp 
limit to the width of the solid beam that may 
be thus gained. In contrast to this limitation 
the width of the hyperbolic beam may be 
made anything we choose by a proper design, 
but there is one and only one normal beam 
width from a given reflector, with a certain 
small amount of adjustment. In some types 
of illumination a wide beam is desired and 
here the hyperboloid finds its application. 

Each type of reflector has its own character- 
istic beam formation, but by changes, or 
rather selections, in the elements of the de- 
sign, the beam may be altered to any extent. 
The parabolic beam is the most inflexible, 
coming as it does from a surface which is 
always the same and which can vary only 
in its size and degree of completeness. On 
the contrary, an infinite number of differently 
shaped hyperbolas are possible, and there is 
accordingly an infinite number of hyperbolic 
beams at our command. They are limited 
on one hand by the parallel beam from the 
paraboloid, and on the other hand by the 
uniformly reflected light from the plane 
mirror. The choice here is wide, but in one 
sense the limits to what we may attain have 
been broadened, not removed, since cer- 
tain features of the beam are rigidly fixed and 
the study of these limits is an essential prelimi- 
nary to the design of a hyperboloidal mirror. 


a 


The hyperboloidal mirror is selected for use 
because it spreads the light in a certain definite 
manner, and we have one peculiar choice 
offered us. The hyperbola has an internal 
focal point and a conjugate or external focal 
point. <A light placed at the internal point 
will give a beam of less than 180 deg. in width; 
placed at the external focus the beam will 
exceed 180 deg. by the exact amount the 
other fell short, so that the two beams will 
cover a complete 360 deg. This relation 
holds providing one branch of the hyper- 
bola is complete, otherwise the sum of the 
two beams will fall short of 360 deg. The 
interior focal point gives us the familiar 
concave hyperboloid, but the convex hy- 
perboloid is also deserving of notice 
although the ‘‘beam”’ is weaker and more 
scattered than the direct radiation from the 
source. 

In the exploration of the parabolic beam 
there was found a wide region in the center 
of the beam, the inverse-square region, to 
which all points of the mirror contributed 
light. Minor defects in the mirror would have 
minor effects on this region, but in the hyper- 
boloidal mirror the case is otherwise. Each 
section of the beam comes from a restricted 
area of the mirror, and if any small area is 
defective, the distribution of light in the beam 
will be visibly influenced. A circular zone of 
angular defects results in either a bright or a 
dark ring, or both, in the beam. On account 
of this point-to-point correspondence between 
beam and mirror the surface accuracy of the 
hyperboloidal mirror must be high, often 
much higher than is the case with the para- 
boloidal mirror and the accuracy require- 
ments are saved from becoming excessive only 
through the fact that the range of the spread 
beam is necessarily much less than that of 
the parabolic beam. 
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Some Fundamental Relations in the Hyperboloid 
From the viewpoint of an illuminating 
engineer certain of the constants and vari- 
ables connected with the hyperbola are of 
much greater importance than others. Thus, 
the generating angle of the curve is of more 
interest to him than the eccentricity, although 
the eccentricity is really the prime factor that 
determines nearly everything about the curve 
except its size or scale. The mathematician 
thinks and talks in terms of what to the 
reflector designer are the points of minor 
importance. As the text books are written 
by the mathematician, his viewpoint naturally 
prevails, and nowhere is this more evident 
than in the choice of co-ordinates. The 
mathematician habitually chooses rectangular 
co-ordinates while the designer is almost 


———— | 
rie 


Fig. 167. The solid curve on the right is the generating 
curve of the concave hyperboloid referred to in the text, 
the light source being at the right-hand focus. This focal 
point is in general the pole of the polar co-ordinates while 
the line of the major axis and the tangent at the vertex 
form the X- and Y-axes of the rectangular system 


_-compelled to use polar co-ordinates, and the 
translation from one system to the other is 
not easy for the occasional user. But certain 
features about the reflector are more easily 
investigated by means of rectangular co-ordi- 
nates, and it therefore is well to use either 
polar or rectangular co-ordinates, according 
to which system best suits the purpose at 
hand. With this difference between the 
viewpoints of the engineer and the mathema- 
tician in mind, the following series of equations 
has been arranged so as to be more conven- 
ient for use by the former. 
Symbols (See Fig. 167): 
b=the generating angle, positive in a 
clockwise direction. 


F,=the focal length from vertex to’ 


interior focal point 
F,=the focal length from vertex to 
external focal point 
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(x,y) =the rectangular co-ordinates of a 
point P on the curve, referred to 
the principal axis and the tangent 
at the vertex 

s=the angle of spread from the axis of 

a ray through the point P, posi- 
tive in a counter-clockwise direc- 
tion 

R,=the distance from the interior focus 
to the point P 

R.=the distance from the exterior focus 
to the point P 

m=half the difference between R,; and 
Ry (the semi-major axis) 


Fig. 168. The hyperbolas in this diagram are computed 
from constant values of m and collecting angle b, and 
a variable eccentricity as noted on the curves 


n=the length of the tangent at the 
vertex, measured from the prin- 
cipal axis to the asymtote (the 
semi-minor axis) 

f=the angle between the principal axis 
and the asymtote 

e=the eccentricity (always greater 
than unity) 


The hyperbola may be defined as the locus 
of a point moving so that the difference 
between its distances from two fixed points is 
constant 


R,—R1=2m (282) 
The polar equation for a hyperbola is 
mt (@=r1) 
x 1+ecosb feo 


where Rk; is the distance to the adjacent 
concave curve so long as 1+¢e cos b is positive, 
and when 1+e cos b becomes negative, the 
distance is called — Re, the negative sign being 
used because the measurement is now to the 
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opposite convex curve. Using the exterior 

focus, Fig. 167, and calling the angle s positive 
in the counter-clockwise direction, we have 
.. mm (e— 1) fs 

Rs l—ecoss os) 

the negative sign before e cos s being used 

because the generating angle in this case is 

really 180+s and cos s is therefore negative. 

The focal length, Fi, requires a word of 

explanation. As ordinarily used, ‘“‘focal 

length”? denotes the position for parallel 


Fig. 169. These hyperbolas are computed to give equal 
diameters and equal collecting angles b. The eccen- 
tricity and semi-major axis m are variable so that b 
and y may be constant 


projection either by means of a mirror or a 

lens. But in the hyperbola ‘focal length’”’ 

denotes that position that is conjugate to the 

other focal point. Thus when speaking of the 

curve of Fig. 167, the focal length to the right 

is called fF), and we might therefore call the 

distance to the external focus Fy. There exists 

the simple relation 

F,=m(e—1) (285) 

F,=m(e+1) (286) 

_ The eccentricity may be defined in terms of 

the other variables in a number of ways; as 

e=sec f (287) 

or, what is the same thing expressed in terms 
of m and n, 
2 2 

_ Vn tw (288) 


m 


A more useful expression for e when dealing 
in the projection of light is derived as follows: 
The value of y, Fig. 167, is 


y=R, sin b=R, sin s (289) 
Substituting from (283) and (284) we get 
m (e?—1) sin b ka. (e?—1) sins (290) 
1+ecosb 1 —ecoss 


Fig. 170. At constant focal length F; and constant collect- 
ing angle b the diameters vary as shown when the eccen- 
tricity varies from 1.1 to 1.6 


and this gives 
_ sin} + sin s (291) 
sin (b—s) 
Distribution of Light from a Concave Hyperboloid 

Confining our attention to point sources of 
light, the intensity of light reflected from a 
hyperbolic reflector is readily computed by 
assuming the source to be located at the 
conjugate focus, and then finding what change 
of intensity is caused by the altered solid 
angle of radiation. 

In Fig. 167 consider a quantity of light dL 
to fall on a small area dA at the point P. 
From the focal point on the right, the solid 
angle subtended by this area is 

ad4 cost 


aay ae steradians (292) 
1 


div, a 
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where 7 is the angle of incidence. Also, from 
the left-hand focal point 
dA cos r 
dw, = Sn ae steradians (293) 


The angle of reflection r is equal to the angle 
of incidence 7, and hence 


dw, R,? 
= 294 
dw» Ry? ( ) 
The intensity of the incident light is 
Oa : 
eats candles (295) 


and, the coefficient of reflection being equal to 
K, the intensity of the reflected beam is 


IP SSI GE candles (296) 
dws 


Substituting the value of dL from (295) and 


ee RY 
then substituting (#) from (294), the beam 
1 


intensity in the direction of Re is 


te 1K (8 ‘) candles (297) 
Rk, 


It will be recalled that in solving for the 
beam from the paraboloidal mirror a sharp 
distinction was found to exist between the 
beams from points, spheres, and disks. In 
the particular case of the point source the 
beam could not be computed by the rules 
used for the other sources and furthermore 
the intensity in any given part of the beam 
from the finite sources was computable only 
by a careful exploration of the entire mirror 
area. Most of these distinctions and difficul- 
ties disappear when dealing with a hyper- 
boloid, for here there is no bundle of parallel 
rays to lead to confusion in our conceptions 
of ‘‘beam candles,’ and each section of beam is 
alniost entirely dependent on a single section 
of mirror. There is slight overlapping of the 
action of adjacent sections of mirror so that 
for a finite source the rule given by equation 
(297) is not exact, but the small degree of 
inexactness ordinarily removes the error from 
the consideration of the illuminating engineer. 

The beam from a hyperboloidal mirror 
may in nearly all cases be computed directly 
by the aid of equation (297), along with a 
distribution curve showing the intensity of 
radiation, in candles, in all directions about 
the source—the surface brillianey does not 
directly enter into the problem. This may 
be also stated by saying that the distribution 
of beam intensity is independent of the size 
and shape of the source. It will of course be 
realized that the independence here is not 
absolute, for a hyperboloid may be con- 
structed so as to vary by only a small amount 
(e approximately equal to unity) from a 
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paraboloid, and then the beam formation 
will vary from the true parabolic beam in 
only a small degree. This beam can be deter- 
mined graphically by the methods used for the 
parabolic beam at short range, that is, a beam 
made up of bundles of rays whose axes do not 
coincide. The methods of applying this rule 
will not be gone into, particularly as the use 
of a nearly parabolic hyperboloid is rare. 


CANDLES 


ON SRIOWUS #20 r25 30355 404 
RADIUS OF BEAM IN DEGREES 


Fig. 171. These curves of beam intensities show 
the influence of the eccentricity upon the 
strength of the reflected light. As e approaches 
unity the beam approaches the truly parallel 
beam of the paraboloid with a point source. 
For large values of e the reflector becomes flat- 
ter and the beam intensity decreases at a rapid 
rate so that changing from e=1.1 to 1.6 de- 
creases the central beam strength to one twenty- 
third 


The paraboloid will give a slightly dispersed 
beam by moving the source away from the 
focal point, and there is here a definite 
encroachment of the parabola onto the field 
of the hyperbola. 

The hyperbolic beam may then be solved 
for, using equation (297) regardless of the 
size or shape of the source, except for the 
region at the edge of the beam, which does not 
have a perfectly sharp boundary, as the equa- 
tion indicates. 


Distribution of Light from a Convex Hyperboloid 
and a Point Source 

All the various reflectors so far considered 

have concentrated the light into a beam of 

greater intensity than the radiation from the 

lamp. The convex hyperbola reverses this 


Dede 
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condition and the reflected light is more scat- 
tered and weaker than the direct radiation 
from the light source. The ratio of Ry to Ri 
is less than unity (where A; is the radius vector 
from the source and RF» is the radius vector 
from the image) and the beam is weakest in 
the center and has a maximum strength, 
equal to that of the source, when reflected 
from the extreme edge of the reflector carried 
to infinity. The convex hyperboloid is 
therefore not a ‘‘projecting’’ device in the 
ordinary use of the word. 


HALF WIDTH /N DEGREES 


Fig. 172. The relation between central candles (from a 
one candle source) and the eccentricity of the hyper- 
boloid is illustrated by the curve on the left. The fam- 
ily of curves on the right show the relation between 
the eccentricity, the collecting angle b, and the half- 
width of the beam 


Increase of Intensity with Distance 

With a point source the apparent intensity 
of the image is independent of the radius of 
photometric measurement. This follows from 
the independence of each section of a hyper- 
boloidal mirror, for no change of distance 
along a radial line through the image will 
cause the addition (or subtraction) of adja- 
cent active mirror sections. Something of the 
same condition held in the case of: the point 
source and the paraboloidal, except that there 
the illumination was found to be constant at 
all distances while here the illumination varies 
inversely as the square of the distance; that 
is, the image source of the beam light seems 
fixed in intensity along any given radius from 
the image. Therefore, there is no increase 
of image intensity with distance. 


Inverse-square Region 
The space surrounding a bare lamp is all 
inverse-square region, for the illumination 


along any radial line varies inversely as the 
square of the distance. The hyperbolic 
beam coming as it does from an image of 
fixed intensity in any given direction is there- 
fore in its entirety an inverse-square region, 
and illuminations at any distance may be 
directly computed from known illuminations 
at any other distance. 


Testing Distance for Intensity 

From the two preceding sections it is evi- 
dent that a photometric exploration of the 
reflected light can be made at any desired 
distance, measuring the test distance of course 
from the image position. 


Width of Beam 

The width of beam is determined by the 
angle s measured about the conjugate focal 
point, and is therefore solely a function of the 
edge of the reflector. This will be recognized 
as just the reverse of the parabolic beam 
where the center of the mirror determined the 
beam spread. The ten per cent rule for beam 
width might be used to fix a definite width 
for the hyperboloidal mirror as determined by 
setting equation (297) equal to 0.10 and then 
solving for s. 


Testing Distance for Width of Beam 

The testing distance for width of beam is 
indeterminate, for every cross section resem- 
bles every other cross section in proportional 
intensity, and therefore any distance, meas- 
ured from the image point, will do for measure- 
ment of the beam width. 


Determination of Focal Position by Measuring 
Beam Width 

The focusing of a hyperbolic beam can 
best be made by moving the light source 
along the axis until the beam is of the proper 
width, and moreover, if need be, the entire 
mirror can be explored for focal position by 
noting the position of the source for the 
correct angular projection of light from each 
mirror zone. This is a very practical test, 
and is easily carried out if the physical 
constants of the mirror are known. 


Testing Distance for Entire Characteristic 

A review of the various features of the 
hyperbolic beam from a point source shows 
in every case a complete independence of 
distance, so that, using the image point as 
the zero point, any concentric circle will give 
identical computed beam intensities, the 
intensity in each direction being of course 
equal to the observed illumination multiplied 
by the square of the radial distance. 


(To be continued) 
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Notes on Ethereal Waves 


By W. S. ANDREWS 


GENERAL ENGINEERING LABORATORY, GENERAL ELECTRIC COMPANY 


Physicists today will tell you that they carry both the quantum theory and the wave theory of radiation 


around in their vest pockets, using one on the odd days of the month and the other on the even. 


Whichever 


theory succeeds in withstanding the final tests of time and research, for the time being we are best able to 
consider radiated energy in the light of waves propagated with a definite velocity already well known to science. 
Mr. Andrews has likened this great diapason of radiation to an enormous gamut of musical notes divided into 
octaves, and he tells us here of the physical characteristics by which each class of radiation is known.—EDITOR. 


THE GAMUT OF RADIATION 


There are no definite boundary lines 
between the different sections in the gamut 
of ethereal waves, such as the infra-red, 
visible, and ultra-violet spectra, for they all 
merge into each other like the colors in the 
visible spectrum. 

Human vision differs individually to a 
small extent, for some people can detect 
visible light further into the infra-red or 
ultra-violet than others. In the case of 
nocturnal animals such as owls and bats, 
the limits of their visible spectrum must 
differ considerably from the human standard. 

Some difference of opinion may exist as to 
the most convenient unit for expressing the 
wavelength (A) of visible and ultra-violet 
radiation, but the Angstrom (A) has received 
international recognition, and the wave- 
length of the red line of cadmium, given as 
6438.4696 A, is the accepted international 
standard™. In some cases, however, the 
millimicron (mm), equal to 10 Angstroms, 
may be preferred for convenience. The 
micron (4) may be used for the measurement 
of wavelengths in the infra-red spectrum, and 
the millimeter and meter (mm and m) are 
suitable units for Hertzian waves, and waves 
used in wireless telegraphy. The relations 
between these units are well known, but are 
given in the following table for ready reference. 


TABLE I 
1 Angstrom (A) 


10 Angstroms =1 millimicron=1077 cm. 


1000 Millimicrons (mp) =1 + micron =10-4 cm. 
1000 Microns ( ,») =1 millimeter =107 cm. 
10 Millimeters (mm) =1 centimeter 
100 Centimeters (cm) =1 meter 
1000 Meters (m) =1 kilometer (km.) 


The maximum and minimum lengths of 
ethereal waves have no actual limits but for 
practical purposes our tabulation begins 
with a wavelength of 25,600 meters which is 
about the maximum used in wireless teleg- 


raphy. From this point it shows one 
(1) Scientific Paper Oe: 414, Bureau of Standards, Washing- 
ton, D. C. August 1, 192 


=0.1 millimicron=1078 om. 


unbroken gamut of about 53 octaves of 
continuously decreasing wavelengths, ending 
in the gamma rays of radium, which have 
been estimated down to the almost incon- 
ceivably minute length of 0.02 A. 

The musical term ‘“‘octave”’ is here used in 
connection with the scale of ethereal waves 
as a convenience, although its application is 
rather strained because the octaves of the 
ethereal gamut are not divided into eight 
parts corresponding to the eight tones in the 
musical octave. The term applied to the 
ethereal scale simply implies that the numeri- 
cal values of the wavelengths are either 
halved or doubled in each succeeding octave, 
according to the direction in which the scale 
is read. Thus, for example, from 3600 A to 
1800 A is one octave, or from 112.5 A to 
3600 A equals five octaves. 

Beginning our tabulations, therefore, at a 
wavelength of 25,600 meters, as already 
stated, we find about eight octaves of diminish- 
ing wavelengths down to 100 m., all of which 
are more or less devoted to wireless teleg- 
raphy. 

Starting again at 100 m., we enter the 
region of Hertzian radiation, which, up to a 
recent date, extended approximately fifteen 
octaves down to a wavelength of 3 milli- 
meters, this being the length of the shortest 
wave measured by Rhigi. A gap of about 
three octaves of unexplored radiation was 
thus left between the shortest Hertzian 
waves and the longest wave in the dark heat 
ot infra-red spectrum. This gap was, how- 
ever, successfully investigated and closed up 
by the late Dr. E. F. Nichols and Dr. J. D. 
Tear of the Nela Research Laboratories, 
Cleveland, Ohio, in the latter part of 1922, 
by the application of exact methods to new 
and very sensitive instruments. In this 
way, these physicists were enabled to generate 
and measure ethereal waves in the Hertzian 
region down to less than half a millimeter, 
which is about the measure of the longest dark 
heat waves that were investigated by Rubens 
and Von Baeyer in 1911. 
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The common origin and general features 
of these hitherto unknown waves were 
beautifully demonstrated by the fact that 
_the instruments used for measuring the 
shortest of the Hertzian waves were also 
quite as effective for detecting and measuring 
the longest waves in the dark heat spectrum; 
and also, other devices which had been 
specially made for use in the dark heat 
or infra-red spectrum were found to be 
readily serviceable for measuring Hertzian 
waves. ©) 


CONDENSED TABLE OF ETHEREALWAVES IN OCTAVES 
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Fig. 1. Graphic Representation of the Range of Ethereal 
Waves Divided into Octaves 


About three octaves were thus added to the 
Hertzian region which now totals about 
eighteen octaves. ®) 

We now enter the spectrum of dark heat, 
or infra-red radiation, which begins at a 
wavelength of about 343 microns and extends 
approximately nine octaves, when it emerges 


(2) Dr. Ernest Fox Nichols passed away while reading a 
paper entitled ‘‘Joining the Infra-red and Electric Wave 
Spectra’’ at the new headquarters of the National Academy of 
Science in Washington, oe vil 29, 1924. The sad event is 
impressively described in the Transactions of the Illuminating 
Engineering Society, Vol. XIX, No. 6, e 489, July1924. 

(8) A more detailed account of these original investigations 
may be found in ‘‘Science Supplement’ of January 5, 1923, p.x. 

4) Further details relating to this interesting work may be 
found in the Annual Report of the Director of the Bureau of 
Standards, Washington, for year ending June 30, 1922, p. 86. 


to the average eye into the visible spectrum 
at a wavelength close to 6700 A. 

The visible spectrum then continues to 
shine through the various colors of the rain- 
bow for a little less than one octave to a 
wavelength of 4000 A, here fading gradually 
into twilight before vanishing into total 
invisibility in the ultra-violet at about 3900 A. 

The ultra-violet spectrum was extended by 
Millikan down to the region of 112 A, which 
left a gap of a little more than three octaves 
of unknown radiation, between that point 
and the longest x-ray waves of about 12 A. 
In 1922, however, this hitherto unexplored 
region was investigated and mapped out by 
physicists in the Bureau of Standards at 
Washington, and also at Princeton Univer- 
sity, N. J., by new and improved instruments 
of exact precision, so this last gap in the long 
gamut of 53 octaves may now be considered 
as satisfactorily closed.“ 

The x-ray spectrum which begins practi- 
cally at a wavelength of 12 A continues for 
about seven octaves down to below 0.15 A, 
where in its turn it merges into the gamma 
ray spectrum of radium close to 0.071 A. 
The shortest wavelength that has been 
estimated in the gamma region up to this time 
is about 0.02 A. 

In the light of these new and modern 
developments it is gratifying to note that all 
the former gaps of unknown waves have 
been explored and filled, from the longest 
waves that are used in wireless telegraphy, 
down to the gamma rays of almost incom- 
prehensible minuteness, thus completely 
occupying a region of about 53 octaves as 
shownin Tables IIa, IIb, IIc, and IId. Fig. 1 
gives a condensed table of the same sort in 
octaves, with a view to showing the entire 
gamut at a glance, and also the octaves con- 
tained in each division. 

The following translation of an extract from 
Bulletin de la Societe Fran¢aise des Elec- 
trictens, Vol. III, p. 28 (Feb., 1923), kindly 
furnished to the writer by Mr. L. A. Hugue- 
mont, illustrates a remarkable discovery in 
the mathematical determination of wave- 
lengths in the x-ray region. 

“The minimum wavelength of x-rays depends 
on the voltage applied to the terminals of the 


x-ray tube. It can be calculated approxt- 
mately by the formula: 
ee 12.34where Am, = wavelength in Angs- 
ag V_ troms and V =kilovolts. ; 
The maximum wavelength for direct current 1s 
or 4 ana 12.34 \ and for alternating cur- 
sa oa V rent is 


2. 
Amax. = 1.304 (2%) + 0.05.” 


200 March, 1925 


TABLE Ila 
TABULATION OF ETHEREAL WAVES 


GENERAL ELECTRIC REVIEW 


Vol. XXVIII, No. 3 


TABLE IIb 
TABULATION OF ETHEREAL WAVES (Cont’d) 


Octaves Wavelength Wireless Radiation Octaves Wavelength bafeaci i ee Lees Heat 
Meters (m) Microns (y) 
25,600 Arbitrary starting 343 Heat rays measured 
point Rubens and Von 
24,000 ‘ aeyer in 1911 
10,000 | Trams-ocean wireless 30 ‘Heat rays given off 
ee the eh 
8 | 3,200 : 25 ylvine in thin plates 
2,200 | Used by large ships becomes opaque 
20 Rock salt ceases to 
600 | Used by small ships transmit 
9 11 Fluorspar in thin 
400 | Broadcasting stations plates is opaque 
100 and amateurs 5.5 Limit of heat rays 
measured by Lang- 
| ae ley 
= Hertzian Radiation On Photographed by Ab- 
ney in 1866 
; 0.75 Extreme red some- 
Meters (m) | y times visible to 
| 50 Chiefly used by Hertz acute vision 
| 1.5 in his classical in- 
f | vestigations Visible Light 
| millimeters (mm) 
780 Angstroms (A) Note. — Bracket 
18 marks average 
aa Shortest Hertzian limits of vision 
waves measured by 6700 Average limit of 
Lampa in 1897 perception in red 
: oe 6310 Purest red 
3 Measured by Rhigi 5980 Purest opanee 
microns (,) Almost ~ 4 5820 Purest yellow 
1 5310 Purest green 
500 } Measured by Nichols 4780 Purest blue 
381.5 and Tear in 1923 4300 Purest violet 
3900 Limit of average sight 
in the violet 
THE VELOCITY OF ETHEREAL WAVES 3600 Extreme violet 


The velocity of electrical waves through 
the ether of space is constant for all wave- 
lengths, from those used in wireless teleg- 
raphy through the entire gamut to the 
almost infinitely minute gamma waves. This 
velocity is generally accepted as about 

186,400 miles per second or 

299,981,721 meters per second, or nearly 
300,000,000 meters per second, or 
300,000 kilometers per second. 

The velocity in air is about 50 miles or 
80,000 meters per second lower than in a 
vacuum, and in denser media its speed is 
still less, and varies with different wave- 
lengths, being less for blue light than for 
red. ‘) 

Through the vacuum of space, however, 
the velocity of all ethereal waves may be 
considered uniform as stated before. 

_ (8) The latest measurement is 186,300 miles per second. See 
Elec. Review, London, November 21, 1924 


(6) From Optical Tables and Data (1900) by Sylvanus 
Thompson. 


Note.—The exact limits of vision naturally depend 
on the intensity of the light under observation, as 
well as on individual acuteness of sight. 


The general formulas connecting the veloc- 
ity, wavelength, and frequency of light 
waves are as follows: 


When V=Velocity in kilometers per 
second 
\= Wavelength in millimicrons 
n= Frequency in millions of millions 
per second, 
then: 
V=yn, or Velocity = Wavelength X 


Frequency 
A= y , or Wavelength = Me” 
n Frequency 
a or Frequency = “Nelo 
Pre quency ~ Wavelength 


ee 
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TABLE IIc 
TABULATION OF ETHEREAL WAVES (Cont’d) 


Octaves Wavelength Ultra-violet Radiation 
Angstroms (A) 

3000 Danger line (to the 
eye) may be drawn 
here. Limit of solar 
spectrum in tem- 
perate regions 

2500 Dangerous effects in- 
crease rapidly from 
here with shorter 
wavelengths. 

2220 Clear quartz begins 
to absorb 

1800 Ozonizing begins 

7 1700 Rock salt in thin 
plates ceases to 
transmit 

1350 Ionization of air be- 

gins 

1250 Limit of transmission 

in fine fluorite 

1000 Observed in spectrum 
of hydrogen (Schu- 
man 1914) 

500 Observed in spectrum 
of helium (Lyman 
1917) 
372 Observed in spectra 
232 of aluminum, mag- 
130 nesium and sodium 
by Millikan in 1921 
100 Measured by the 
56.25 Bureau of Stand- 
28.125 ards, Washington, 
D.C., and Prince- 
ton University, 
N.J., in 1922 
Examples: 


What is the approximate frequency of the 
light waves that produce the bright yellow line 
in the spectrum of helium, the wavelength 
being roughly 5876 A or 587.6 millimicrons? 

Meg00 000 fish 11! bea ited 

— =——— =515 millions of millions per 

h 587.6 second. 

What is the approximate wavelength of 
the light shown in the bright red line of the 
hydrogen spectrum, its frequency being 
estimated at about 457.1 millions of millions 
per second? 

V _ 300,000 


= ——— = §56.3 millimicrons or 6563 A. 
n 457.1 


TABLE IId 
TABULATION OF ETHEREAL WAVES (Cont’d) 


Octaves Wavelength X-Rays Saas 
Angstroms (A) 
12.35 Longest x-rays from 
zinc observed by 
Freeman 
10 0.122 Shortest measured 


x-rays (1917) 
Raa } Gamma rays 


| and shorter 


APPROXIMATE SUMMARY OF TABLE II 


Wireless: WaVesue si iad thew oon vies 8 octaves 
ELertziariuw GVCk Wks Morea oh witty eek 18 octaves 
Initacred Wives, sor ev ike ae nee nes 9 octaves 
Visible light Waves (nearly)............ 1 octave 
Uitra-wiOlebe Wavesis . i. eee es ha bade 7 octaves 
X-Rays and Gamma Rays............. 10 octaves 


53 octaves 


THE TRANSPARENCY OF VARIOUS 
SUESTANCES TO ULTRA- 
VIOLET RADIATION 


The best specimens of clear colorless fluorite 
1 to 2 mm. thick may transmit down to. 1250 A 


Crystalline quartz 0.2 to 0.8 mm. thick.... 1450 A 
Crystalline quartz 2 mm. thick........... 1500 A 
Crystalline quartz 20 mm. thick.......... 1600 A 
Rock Saltopmims thick ect ar tose cise. s Aer dl) te 
Clear fused silica 0.3 to 0.4 mm. thick 

PB ANPETICCTIb Olin ule avediaee: ann skit earatos @ ait 1849 A 
Clear fused silica 0.3 to 0.4 mm. thick 

DOUDETACOTIE feet an MORN i ase eee cathe 1970 A 
Clear fused silica 0.3 to 0.4 mm. thick 

AUMPERICEI Ol. Amis cent inks s Beakeen eat eye 2000 A 
Mica in thinnest possible leaf............ 3000 A 
Common soda glass 2 to 3 mm. thick..... 3300 A 
Common soda glass 0.2 mm. thick........ 2500 A 
Shortest wavelength transmitted by a mer- 

cury lampinaclear thin quartz tube..... 1849 A 
A layer of pure water 10 mm. thick trans- 

BE RIS ALN CLS Po ed Cane Sie te, as Race hae 2200 A 
The mercury lamp in a glass tube is rich in 

WAVESADEDWEEM ac. fede wisles ages 2300 and 4000 A 


An open disruptive spark between iron ter- 
minals is rich in waves between. . 1800 and 3380 A 
—From Hughes’ Photo-electricity (1914), 
pp. 137-139. 
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Revised Tables of Phase Angle Correction Factors 


for Use in Power Measurements 
By C. T. WELLER 


GENERAL ENGINEERING LABORATORY, GENERAL ELECTRIC COMPANY 


An error occurs in measuring power in alternating-current circuits due to the phase displacements in the 
instrument transformers and in the wattmeter. If the phase displacements or phase angles are known, the 
error may be corrected and the true watts obtained by multiplying the preliminary result in apparent watts by 
the proper correction factor taken from the revised tables published in this article. These tables differ from 
those previously published in the following respects: the few errors that existed have been corrected, 
three columns of correction factors have been added, and the tables have been sectionalized, the two latter 
changes being made to facilitate interpolation. Directions for using the tables are given, together with formulas 
and other data useful in correcting the results of power measurements. Modifications of the formulas to make 
them applicable to the results of energy measurements made with watthour meters are also given.—EDITOR. 


Introduction 

An article on the Watthour Meter Method 
of Testing Current Transformers for Ratio 
and Phase Angle was published on page 642 
of the July, 1921, issue of this magazine. In 
Tables I and II of that article were given 
correction factors for phase angle which had 
been published previously.” Mr. H.B. Brooks, 
of the Bureau of Standards, discovered 
that these tables contained a few errors. 
While the errors occurred in parts of the 
tables that are seldom used, it is neverthe- 
less desirable to correct them. Mr. Brooks 
also found that in some places appreciable 
errors in interpolation might occur. This 
led to the addition of three columns of 
correction factors and to the sectionalizing 
of the tables. In the present article the 
tables appear in their revised and corrected 
form in accordance with the results obtained 
by Mr. Brooks. 

The three columns of correction factors 
added are for apparent power-factors of 0.95, 
Q.99, and 1.00 respectively. These were 
added to facilitate interpolation between 
apparent power-factors of 0.90 and 1.00 and 
were not thought necessary when the tables 
were first compiled in 1909. 

The tables have been sectionalized in 
order to indicate where interpolation may 
be made without exceeding an arbitrary 
limit of error. The limit chosen was 0.0010 
(10 units in the last place) in the correction 


cos 6 

fector - J. 
COS As 

The error occurs in interpolating between 

adjacent values of apparent power-factor 

(cos 6); no error occurs in interpolating 

between adjacent values of phase angle 

(a+6+y). Interpolation is based on the 

(1) See Electrical Measurements on Circuits Requiring Current 


and Potential Transformers, by L. T. Robinson, fransactions 
the A.J.E.E., vol. 8, 1909, p. 1005. j Beye 


assumption that the relation between the 
quantities involved is linear over the range 
in question. This assumption is, in general, 
correct with respect to the correction factor 


(i i) as a function of the phase angle 
COS 2 


(a+6+y); it is not in general correct with 


respect to the correction factor as a 


cos As 

function of the apparent power-factor (cos 62). 
However, in the sections of the tables lying 
between the heavy black lines, the maximum 
error in correction factors, obtained by inter- 
polation for any values of apparent power- 
factor lying between those given in the 
tables, will not exceed 0.0010. In the sections 
outside of the heavy black lines and in all 
cases where the adjacent values of cos 2 are 
separated -by the heavy black lines, the 
maximum error in interpolation will exceed 
0.0010. For example, when (a+6+y), the 
combined phase angle, is 1 deg. 10 min., 
interpolation may be made for any apparent 
power-factors lying between 0.25 and 0.30, 


but not for some apparent power-factors 


lying either between 0.20 and 0.25 or between 

0.30 and 0.40, without exceeding an error of 

0.0010. Curves may be plotted for different 

values of (a+6+y), with values of apparent 

power-factor (cos @:) as abscissae and of 
cos 0 


COS By 

use in interpolating between adjacent appar- 
ent power-factors in the sections of the tables 
lying outside of. the heavy black lines and 
in all cases where the adjacent values of, 
cos 6) are separated by the heavy black lines. 

Directions for the use of the tables, in 
connection with the calculations pertaining 
to the watthour meter method of testing 
current transformers for ratio and phase 
angle, are given in the article referred to. 


as ordinates, for 


correction factor 


= 
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The tables were first compiled to correct 
wattmeter readings for phase angle. Direc- 
tions for this application of the tables are 
given herewith for convenient reference, 
together with other pertinent data. 


Directions for Using the Tables 

The principal convention that has been 
adopted relates to the signs of the different 
phase angles. A phase angle is considered 
to be positive (plus) if it increases the reading 
of a wattmeter on lagging power-factor and 
negative (minus) if it decreases the reading. 

The formula for true watts when current 
and potential transformers are used is as 
follows: 


True watts=WRX ol 


Pde Be ob & (1) 
COS 82 
where W’R=wattmeter reading corrected 
for scale error 
cos 6=true power-factor 
cos #:=apparent power-factor 
CT=true ratio of current trans- 


former 
PT=true ratio of potential trans- 
former 
Also, 
6=6+(a+B+ 7) (2) 


where a@=phase angle of wattmeter 
8=phase angle of current trans- 
former 
y = phase angle of potential trans- 
former 
and WR* 
cos 2 ARXVR (3) 
where AR =ammeter reading corrected for 
scale error 
VR=voltmeter reading corrected 
for scale error 
The angle @ is considered to be positive 
for lagging current and negative for leading 
current. Equation (2) represents an algebraic 
sum. The algebraic sum (@+6+y7) rarely 
exceeds 2 degrees and is frequently less than 
30 minutes. Angle @ is usually positive and 
not greater than 5 minutes at 60 cycles. 
Angle 6 is usually positive. Angle y may be 
either positive or negative. 
At or near unity power-factor, the value of 


cos 6 


COS A» 
slightly from unity and therefore has little 
effect on the result. At low power-factors, 


the correction factor ) differs only 


cos 6 : ‘ 

however, may differ appreciably from 
cos @2 

*Formula (3) applies.only when the ammeter is connected in 

series with the wattmeter current circuit, and the voltmeter is 


connected in multiple with the wattmeter potential circuit. 


unity, in which case a considerable error 
would result if it were neglected. 

The following procedure for determining 
the correction factor applies to all power 
measurements made with a_ single-phase 
wattmeter, irrespective of whether the circuit 
is single-phase or polyphase. (It should be 
noted, however, that in some polyphase 
measurements, such as, for example, the use 
of the two-wattmeter method on a three-phase 
circuit, the power-factor on the individual 
wattmeters is different from the circuit 
power-factor and may have the opposite 
sign; that is, it may be leading instead of lag- 
ging and vice-versa. ) 

(a) Obtain @, the equivalent phase angle 
of the wattmeter, from the wattmeter 
certificate. 

(b) Obtain 8, the phase angle between 
the primary and (reversed) secondary 
currents of the current transformer, 
from the transformer certificate at 
the burden used and at the secondary 
current read on the ammeter. 

(c) Obtain y, the phase angle between 
the primary and (reversed) secondary 
voltages of the potential transformer 
from the transformer certificate at the 
burden used and at the secondary 
voltage read on the voltmeter. 

(d) Add algebraically a, B and y, using 
the correct signs as determined from 
the convention adopted. 

(e) Calculate cos 4, using formula (3). 

(f) Select the correction factor from 
Tables I or II. 

Table I should be used either when the 
phase angle (a+8+y) is a positive angle 
and the current in the circuit supplying the 
wattmeter is lagging or when (a+6+y) isa 
negative angle and the current is leading. 
Table II should be used either when (@a+8+ vy) 
is a positive angle and the current is leading 
or when (a+8+7) is a negative angle and 
the current is lagging. 

In both tables, a set of values of (a+6+y), 
the combined phase angle, is given in the 
left-hand column. On the first line across the 
top of the columns is given a set of values of 
cos 62, the apparent power-factor. The 


is found in the col- 


correction factor 
COS 45 


umn under the proper apparent power-factor, 
opposite the proper value of (a+6+y). 
Interpolation should be used when necessary, 
as outlined. 

The correction factor obtained should be 
inserted in formula (1). If certificates are 
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not available, an approximate correction fac- 

tor may be obtained by neglecting @ and by 

taking B and y from characteristic curves of 
the instrument transformers. 

It is always possible to determine the value 

- COS 0 


e COS 45 

relation shown by formula (2); for the high- 
est prec sion, this method should be used 
instead of interpolating to obtain values of 
cos 6 


COS 42 
lying between those given in the tables. 

The procedure outlined for single-phase 
wattmeters may also be applied to polyphase 
wattmeters, providing that the polyphase 


from a table of cosines, by using the 


corresponding to any values of cos 6% 
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circuit is balanced and that the instrument 
transformers have similar characteristics. 
Formula (38) should be modified by substitut- 
ing polyphase watts and polyphase volt- 
amperes for the corresponding single-phase 
quantities. 

The procedure outlined for measurements 
of power using single and polyphase watt- 
meters may also be applied to measurements 
of energy using the corresponding watthour 
meters when operating at practically con- 
stant load. This condition does not often 
exist. The per cent accuracy of the watthour 
meter under the load condition includes the 
effect of any phase displacement in the meter 
(corresponding to @ for a wattmeter) as well 


CORRECTION FACTORS ( 


TABLE I 


cos OQ. 


cos 90 


For Lagging Current when (a+8-+y) is Positive 
For Leading Current when (a+8+y7) is Negative 
(Revised March, 1925) 


) FoR PHASE ANGLE 


Phase Angle 


APPARENT POWER-FACTOR (COS 02) 


(a+B+y7) 


(0.10 | 0.15 | 0.20 | 0.25 0.30 | 0.40 
5 0.9855 | 0.9904 | 0.9929 | 0.9944 0.9954 0.9967 
10! 0.9711 | 0.9808 0.9857 | 0.9887 0.9907 | 0.9933 
15! 0.9506 | 0.9712 0.9786 0.9831 0.9861 0.9900 | 
20° 0.9421 | 0.9616 0.9715 | 0.9775 0.9815 | 0.9867 | 
25 0.9276 |,0.9520_ 0.9643 0.9718 0.9768 | 0.9833 | 
30° 0.9131 | 0.9662 0.9722 | 0.9800 | 
40! 0.8842 (0.9549 0.9629 0.9733 
50! 0.8552 | 0.9436 0.9536 0.9666 
/ | | 
1° 0 0.8262 0.8848 |.0.9143 0.9323 0.9444 | 0.9599 | 
10’ 0.7972 0.8656 |0.9000 | 0.9209 0.9350 | 0.9531 | 
20/ 0.7682 0.8464 | 0.8857 | 0.9096 0.9257 | 0.9464 
30’ 0.7392 0.8271 | 0.8714 | 0.8983 0.9164 | 0.9397 | 
40’ 0.7102 0.8079 | 0.8571 | 0.8869 0.9071 | 0.9329 | 
50! 0.6812 0.7886 0.8428 |.0.8756__0.8978 | 0.9262 | 
2° 0’ 0.6521 0.7694 0.8284 0.8642 0.8884 10.9194 
10’ 0.6231 0.7501 0.8141 0.8529 0.8791 U.912 
20° 0.5941 0.7308 0.7997 0.8415 0.8697 0.9059 
30’ 0.5650 0.7115 | 0.7854 0.8301 ' 0.8603 | 0.8991 
40/ 0.5360 0.6923 0.7710 0.8187 0.8510 0.8923 
50! 0.5069 0.6730 0.7566 0.8073 0.8416 0.8855 
3° 0 0.4779 0.6537 | 0.7422 | 0.7959 0.8322 | 0.8787 
10’ 0.4488 0.6344 | 0.7279 | 0.7845 | 0.8228 | 0.8719 
20" 0.4198 0.6151 | 0.7135 | 0.7731 0.8134 | 0.8651 
| 
30° 0.3907 0.5957 | 0.6991 | 0.7617 0.8040 | 0.8583 
40° 0.3616 0.5764 | 0.6847 0.7503 0.7946 | 0.8514 
50’ 0.3326 0.5571 | 0.6702 | 0.7388 0.7852 | 0.8446 
4° 0! 0.3035 0.5378 | 0.6558 | 0.7274 | 0.7758 | 0.8377 
10’ 0.2744 0.5185 0.6414 | 0.7160 0.7663 | 0.8309 
20° 0.2453 0.4991 | 0.6270 0.7045 0.7569 | 0.8240 
30° 0.2163 0.4798 | 0.6125 0.6930 0.7474 | 0.8171 
40! 0.1872 0.4604 | 0.5981 | 0.6816 0.7380 | 0.8103 
50! 0.1581 0.4411 | 0.5837 0.6701 0.7285 | 0.8034 
5° 0! 0.1290 0.4217 0.5692 | 0.6586 0.7191 | 0.7965 
10’ 0.0999 0.4024 | 0.5548 0.6472 0.7096 | 0.7896 
20’ 0.0708 | 0.3830 | 0.5403 | 0.6357 0.7001 | 0.7827 


0.50 0.60 


0.9975 
0.9950 
0.9924 | 
0.9899 


0.9874. | 
0.9848 | 
0.9798 | 
0.9747 | 0.9805 


0.9696 0.9766 
0.9645 | 0.9726 
0.9594 0.9687 


0:9543 0.9648 
0.9492 0.9608 
0.9441 0.9568 


0.9981 
0.9961 
0.9942 
0.9922 


0.9903 
0.9883 
0.9844 


0.9529 
0.9489 
0.9449 


0.9409 
0.9369 
32 | 0.9329 


| 0.9288 
0.9248 
| 0.9208 


0.8924 0.9167 
0.8872 0.9127 
0.8820 0.9086 


0.8767 0.9046 
V.8715 | 0.9005 
0.8663 | 0.8964 


0.8610 | 0.8923 
0.8558 | 0.8882 
0.8505 | 0.8841 


0.8452 | 0.8800 
0.8400 | 0.8759 
0.8347 | 0.8717 


pie 


0.70 


0.9985 
0.9970 
0.9955 
0.9940 


0.9926 
0.9911 
0.9881 
0.9851 


0.9820 
0.9790 
0.9760 


0.9730 
0.9699 
0.9668 


0.9638 
0.9607 
0.9576 


0.9545 
0.9515 
0.9483 


0.9452 
0.9421 
0.9390 


0.9359 
0.9327 
0.9296 


0.9264. 
0.9232 
0.9201 


0.9169 
0.9137 
0.9105 


0.9073 
0.9041 
0.9008 


0.80 


0.9989 
0.9978 
0.9967 
0.9956 


0.9945 
0.9934 
0.9912 
0.9890 


0.9868 
0.9845 
0.9823 


0.9800 
0.9778 
0.9755 


0.9732 
0.9709 
0.9686 


0.9663 
0.9640 
0.9617 


0.9594 
0.9570 
0.9547 


0.9523 
0.9500 
0.9476 


0.9452 
0.9429 
0.9405 


0.9381 
0.9357 
0.9333 


0.9308 
0.9284 
0.9260 


0.90 


0.9993 
0.9986 
0.9979 
0.9972 


0.9965 
0.9957 
0.9943 
0.9929 


0.9914 
0.9899 
0.9885 


0.9870 
0.9855 
0.9840 


0.9638 
0.9622 
0.9605 


0.9589 
0.9573 
0.9556 


0.9540 
0.9523 
0.9507 


0.95 


0.9995 
0.9990 
0.9986 
0.9981 


0.9976 
0.9971 
0.9961 
0.9951 


0.9941 
0.9931 
0.9921 


0.9911 
0.9900 
0.9890 


0.9879 
0.9869 
0.9858 | 


0.9847 
0.9836 
0.9825 


0.99 


0.9998 
0.9996 
0.9994 
0.9992 


0.9989 
0.9987 
0.9983 
0.9978 


0.9974 | 


0.9969 
0.9964 


0.9959 | 
0.9954 
0.9949 


0.9944 
0.9939 
0.9934 


0.9928 
0.9923 
0.9917 


0.9912 
0.9906 
0.9900 


0.9894 


| 0.9888 
U.Y882 


0.9876 
0.9870 
0.9864 


0.9857 
0.9851 
0.9844 


0.9838 | 
0.9831 
0.9824 


| 1.00 


1.0000 
1.0000 
1.0000 
1.0000 


1.0000 
1.0000 
0.9999 
0.9999 


0.9998 
0.9998 
0.9997 


0.9997 


U.9996 
0.9995 


0.9994 
0.9993 
0.9992 


0.9990 
0.9989 
0.9988 


0.9986 
0.9985 
0.9983 


0.9981 
0.9980 
0.9978 


0.9976 
0.9974 
0.9971 


0.9969 
0.9967 
0.9964 


0.9962 


Interpolation for correction factors corresponding to values of (a+8+y) lying between those given in the table, may be made with- 


out error. 


Interpolation for correction factors corresponding to values of cos @2 lying between those given in the table, may be made 


without exceeding an error of 0.0010 in the sections of the tables lying between the heavy black lines; outside of these sections, and in all 
cases where the adjacent values of cos @2 are separated by the heavy black lines, the maximum error in interpolation will exceed 0.0010. 


. Aaa ee 
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REVISED TABLES OF PHASE ANGLE CORRECTION FACTORS 


as the effect of friction, etc., and formula (1) 


becomes: 


True watthours Ree ; 1d Oe a 28 8 
y+ 


A 
(4) 
where DR=watthour meter dial reading 
A=per cent accuracy underload 


cos 
Cos 
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the nominal or marked ratios of the instrument 

transformers, so that the readings are in terms 

of the primary circuit (kilowatts or kilowatt- 

hours, respectively). The formulas then 
true ratios 


marked ratios 
tion factors instead of the true ratios of the 


include the or the ratio correc- 


conditions instrument transformers and formulas (1) 
6=6.+(B+ 7), since A in- and (4) become, respectively, (1A) and (4A): 
cludes a. z : COM Lk TR 
. True kilowatts = WR’ X x= x? 
The other factors are the same as before. cos °° MR;° MR, 
The readings of indicating instruments (1A) 
should be used in formula (3) to determine Py od UR 
True kilowatt-hours = DR’ K —- X 
the power-factor. A COS 62 
DI «= 
In many cases, the wattmeter scale and the ye Le y TR (4A) 
watthour meter register take into account MR.’ MR, 
TABLE II 
cos 0 
CORRECTION FACTORS pany FOR PHASE ANGLE 
2 
For Lagging Current when (a+$+y7) is Negative 
For Leading Current when (a+f8+y7) is Positive 
(Revised March, 1925) 
Phase Angle | APPARENT POWER-FACTOR (COS 02) 
(e+8+y) | 0.10 | 0.15 | 0.20 | 0.25 | 0.30 | 0.40 | 0.50 | 0.60 | 0.70 | 0.80 | 0.90 | 0.95 | 0.99 | 1.00 
| 
5! 1.0145 1.0096 | 1.0071 | 1.0046 | 1.0033 | 1.0025 | 1.0019 | 1.0015 | 1.0011 | 1.0007 | 1.0005 1.0002 | 1.0000 
10’ 1.0289 | 1.0192 | 1.0142 | 1.0092 | 1.0067 | 1.0050 | 1.0039 | 1.0030 | 1.0022 | 1.0014 | 1.0010 1.0004 | 1.0000 
15! T.0434 | 1.0288 1.0214 1.0139 | 1.0100 | 1.0075 1.0058 | 1.0044 | 1.0033 | 1.0021 | 1.0014 1.0006 | 1.0000 
20 | 1.0579 | 1.0383 | 1.0285 1.0185 | 1.0133 | 1.0101 1.0077 | 1.0059 | 1.0043 | 1.0028 | 10019 1.0008 | 1.0000 
25’ 1.0723 |.1.0479 | 1.0356 | 1.0231 | 1.0166 | 1.0126 1.0097 | 1.0074 | 1.0054 | 1.0035 | 1.0024 1.0010 | 1.0000 
30° 1.0868 “I.Uovo 1.0277 | 1.0200 | 1.0151 1.0116 | 1.0089 | 1.0065 | 1.0042 | 1.0028 1.0012 | 1.0000 
40’ 1.1157 | 1.0766 1.0369 | 1.0266 | 1.0201 | 1.0154 | 1.0118 | 1.0087 | 1.0056 | 1.0038 | 1.0016 | 0.9999 
50! (1.1446 1.0958 | 1.0461 | 1.0332 | 1.0251 | 1.0193 | 1.0147 | 1.0108 | 1.0069 | 1-0047., 1.0020 | 0.9999 
| | | | } 
1° 0 1.1735 | 1.1149 1.0553 | 1.0398 | 1.0301 | 1.0231 | 1.0177 | 1.0129 | 1.0083 | 1.0056 1.0023 | 0.9998 
10’ 1.2024 | 1.1340 |T.0995 | 1.0645 | 1.0464 | 1.0351 1.0269 | 1.0206 | 1.0151 | 1.0097 | 1.0065 | 1.0027 | 0.9998 
20 | 1.2313 | 1.1531 | 1.1137 / 1.0737 | 1.0530 | 1.0400 1.0308 |, 1.0235 | 1.0172 | 1.0110 | 1.0074 | 1.0030 | 0.9997 
30’ | 1.2601 | 1.1722 | 1.1279 | 1.0829 | 1.0596 1.0450 | 1.0346 | 1.0264 | 1.0193 | 1.0123 | 1.0083 | 1.0034 | 0.9997 
40/ 1.2890 | 1.1913 | 1.1421 1.0921 | 1.0662 | 1.0500 | 1.0384 | 1.0292 | 1.0214 | 1.0137 | 1.0091 1.0037 [0.9990 
50! 1.3178 | 1.2104 | 1.1562 1.1012 ] 1.0728 | 1.0549 | 1.0421 | 1.0321 | 1:0235 | 1.0150 | 1.0100 | 1.0040 | 0.9995 
| | | | 
2° 0" (1.3466 1.2294 | 1.1704 1.1346 1.1104 | 1.0794 | 1.0598 | 1.0459 | 1.0350 | 1.0256 | 1.0163 | 1.0109 | 1.0044 | 0.9994 
10’ 1.3755 | 1.2485 | 1.1845 1.1457 1.1195 [T0859] 1.0648 1.0497 | 1.0379 | 1.0276 | 1.0176 | 1.0117 | 1.0047 | 0.9993 
20’ 1.4043 | 1.2675 | 1.1986 1.1569 1.1286 | 1.0925 | 1.0697 1.0535 | 1.0407 | 1.0297 | 1.0189 | 1.0126 | 1.0050 | 0.9992 
30° 1.4331 | 1.2866 | 1.2127 | 1. 1.1377 | 1.0990 | 1.0746 | 1.0572 | 1.0435 | 1.0318 | 1.0202 | 1.0134 | 1.0053 | 0.9990 
40’ | 114618 1.3056 | 1.2268 1.1791 | 1.1469 | 1.1055 | 1.0795 1.0610 | 1.0464 | 1.0338 | 1.0215 | 1.0142 1.0055 | 0.9989 
50’ (1.4906 1.3246 | 1.2409 1.1902 1.1560 | 1.1120 | 1.0844 1.0647 | 1.0492 | 1.0359 | 1.0227 | 1.0150 | 1.0058 | 0.9988 
3° 0 1.5194 | 1.3436 | 1.2550 | 1.2013 | 1.1650 | 1.1185 | 1.0893 | 1.0684 | 1.0520 | 1.0379 | 1.0240 | 1.0158 | 1.0061 | 0.9986 
10’ 1.5481 | 1.3626 | 1.2691 | 1.2124 | 1.1741 | 1.1250 | 1.0942 1.0721 | 1.0548 | 1.0399 | 1.0252 | 1.0166 1.0063 | 0.9985 
207 (115768 1.3816 | 1.2832 1.2235 | 1.1832 | 1.1315 | 1.0990 | 1.0758 | 1.0576 | 1.0419 | 1.0265 | 1.0174 | 1.0066 | 0.9983. 
30’ 1.6056 | 1.4005 | 1.2972 | 1.2346 | 1.1923 | 1.1380] 1.1039 1.0795 | 1.0604 | 1.0439 | 1.0277 | 1.0182 | 1.0068 | 0.9981 
40 1.6343 1.4195 | 1.3113 | 1.2456 | 1.2013 | 1.1445 | 1.1087 | 1.0832 | 1.0632 | 1.0459 | 1.0289 | 1.0190 | 1.0071 | 0.9980 
50’ 1.6630 1.4384 | 1.3253 1.2567 | 1.2103 | 1.1509 |_1.1136_, 1.0869 | 1.0660 | 1.0479 | 1.0301 | 1.0197 [1.0073 | 0.9978. 
4° 0’ 1.6916 | 1.4573 | 1.3393 | 1.2677 | 1.2194 | 1.1574 | 1.1184 | 1.0906 | 1.0687 | 1.0499 | 1.0313 | 1.0205 | 1.0075 | 0.9976. 
10’ 1.7203 | 1.4763 | 1.3533 | 1.2788 1.2284 | 1.1638 | 1.1232 | 1.0942 | 1.0715 | 1.0519 | 1.0325 | 1.0212 | 1.0077 | 0.9974 
20’ 1.7489 | 1.4952 | 1.3673 | 1.2898 | 1.2374 | 1.1703 | 1.1280 | 1.0979 | 1.0742 | 1.0538 | 1:0337 | 1.0220 | 1.0079 | 0.9971 
30° 1.7776 | 1.5141 | 1.3813 | 1.3008 | 1.2464 | 1,1767 | 1.1328 | 1.1015 | 1.0770 | 1.0558 | 1.0349 | 1.0227 | 1.0081 | 0.9969 
40’ 1.8062 | 1.5329 | 1.3953 | 1.3118 1.2554 | 111831 | 1.1376 | 1.1052 | 1.0797 | 1.0577 | 1.0361 | 1.0234 | 1.0083 | 0.9967 
50" 1/8348 | 1.5518 | 1.4092 | 1.3228 | 1.2644 | 1.1895 | 1.1424 | 1.1088 | 1.0824 | 1.0596 | 1.0373 | 1.0241 | 1.0085 | 0.9964 
| 
5° 0" 1.8634 | 1.5707 | 1.4232 | 1.3337 1.2733 | 1.1959 | 1.1472 | 1.1124 | 1.0851 | 1.0616 | 1.0384 | 1.0248 | 1.0086 | 0.9962 
10’ 1/8920 | 1.5895 | 1.4371 | 1.3447 1.2823 | 1.2023 | 1.1519 | 1.1160 | 1.0878 | 1.0635 | 1.0396 | 1.0255 | 1.0088 | 0.9959 
20" 1.9205 | 1.6083 | 1.4510 | 1.3557 | 1.2912 | 1.2086 | 1.1567 | 1.1196 | 1.0905 | 1.0654 | 1.0407 | 1.0262 | 1.0089 | 0.9957 


Interpolation for correction factors corresponding to values of (a+8-+y) lying between those given in the table, may be made with- 
out error. Interpolation for correction factors corresponding to values of cos @2 lying between those given in the table, may be made with- 
out exceeding an error of 0.0010 in the sections of the tables lying between the heavy black lines; outside of these se-tions, and in all cases. 
where the adjacent values of cos @2 are separated by the heavy black lines, the maximum error in interpolation will exceed 0.0010. 
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Where WR’ = wattmeter reading (in primary 
terms) corrected for scale 
error 

DR’ =watthour meter dial reading 
(in primary terms) 

TR. “true ratio 

MR. marked ratio 
tion factor of current trans- 
former 

TR, true ratio 

MR, marked ratio 
tion factor of potential trans- 
former. 

The other factors are the same as before. 


or ratio correc- 


or ratio correc- 


Example of Application 

The application of the tables and the for- 
mulas to the results of a power measurement 
is given in the following example: 

The data are from a single-phase measure- 
ment at lagging power-factor using a current 
transformer having a marked or nominal 
ratio of 200:1 and a potential transformer 
having a marked or nominal ratio of 100:1. 


Test Data: Secondary Instrument Readings: 


Wattmeter 


Volts Amp. Watts Phase Angle 


113 4.8 255 


Instrument Corrections from Certificates 
(at corresponding values): 


+3 min. 


—1.0 +0.1 | srl) 


Corrected Readings 


112 4.9 | 256 


Data from Transformer Certificates 
(at the secondary burdens used): 


GENERAL ELECTRIC REVIEW 


CURRENT (AT 4.9 AMP.) POTENTIAL (AT 112 VOLTs) 


. Phase : Phase 
True Ratio Anele True Ratio Asigle 
—3 min. 


(200X 0.9960) :1) +6 min.|(1000.9970):1 
=199.2:1 =99.7:1 


Vol. XXVIII, No. 3 


Calculations: For Phase Angle Correction Factor: 
a+B+y=+3+6-—-3=-+6 min. 
aaa 0.4665 
112X429 ae ‘ 
From Table I, by interpolation, the cor- 
rection factor is 0.9967 as shown below: 


From (3), cos 42 = 


0.40 0.50 0.4665 =cos 62 
5! 0.9967 0.9975 
10’ 0.9933 0.9950 
6’ 0.9960 0.9970  |0.996665 ( =0.9967) 


Substituting in (1) 
True watts = 256 X 0.9967 X 199.2 X 99.7 
= 5,067,400 
Substituting in (2) 
6=+62 deg. 12 min. +6 min. = +62 deg. 
18 min. 

cos 0=0.4648 

62 and cos @ were obtained from a table of 
cosines. 

The data may be summarized asin Table 
TLE 


TABLE III 
True Apparent 
Watts* 5,067,400 5,120,000 


0.4648 (cos @) 
(200 x0. g000t al 
=199.2 200:1 
ave <0: H0704): il 
9.7:1 


Power-factor* 0.4665 (cos @2) 


Cur. Tr. Ratio 


Pot. Ir: Ratio: 
100:1 


Overall Ratio |(20, 000 0.99307) :1 
19,860:1 20,000:1 


* After instrument corrections. 
t+True ratios 


=>. or ratio correction factors. 
Marked ratios 


The overall ratio correction factor is 
0.9960 X 0.9970 =0.9960 X (1 — 0.0030) =0.9930 
and the overall phase angle correction 
factor is 0.9967; this gives an overall correc- 
tion factor of 0.9930 X 0.9967 = 0.9930 X 
(1 — 0.0033) = 0.9897. In other words, the 
overall correction is 1.03 per cent (minus) to 
the nearest 0.01 per cent, which should be 
applied to the apparent watts to obtain the 
true watts. 


Air Compressors 


Development of the Turbo-Compressor. Carrard. 
Brown Boveri Rev., Jan., 1925; v. 12, pp. 3-8. 
(On the various means of improving their 
efficiency.) 


Arc Welding 
Are Welding with Metallic Electrodes. Warner, 
W.L 


Chem. & Met. Engng., Feb. 2, 1925; v. 32, pp. 
206-208. 
(On the fundamentals of the process.) 


Carrier-current Communication 


Carrier Wave Telephony. Hilarius, W. 
SeApa lets Drans., Oct., 1924:\v. 15; pp: 
474-484. 
(On the principles and apparatus involved.) 


Circuit Breakers 
Rupturing Capacity of Oil-Immersed Circuit 
Breakers. Metz, G. L. E. 
Elec. Rev., Jan. 16, 1925; v. 96, pp. 87-88. 


Coal, Pulverized 
Development of Pulverized Coal as a Boiler Fuel. 
Brooks, H. W. 
Mech. Engng., Feb., 1925; v. 47, pp. 89-93. 
(Includes a list of prominent pulverized coal 
installations in operation or contracted for.) 


Condensers, Synchronous 


Synchronous Condensers Used as Pressure Regu- 
lators. Grieb, F. 
Brown Boveri Rev., Jan., 1925; v. 12, pp. 9-13. 
(Theory of voltage regulation in transmission 
systems. ) 


Dynamometers 


Electric Dynamometers in Engine Development. 
Martin, H. M. 
Aviation, Jan. 26, 1925; v. 18, pp. 105-106. 
(Describes the use of electric dynamometers 
in connection with aviation engines.) 


Electric Drive—Lumber Industry 


Electricity in a Modern Lumber Project. Innes, 
Frank R. 
Elec. Wid., Jan. 17, 1925; v. 85, pp. 137-140. 
(Describes equipment and methods used by 
the Long-Bell Lumber Co., Longview, 
Wash. Serial.) 


Electric Drive—Mining 
Savings Made by Efficient Machinery During 
the Old Year Point the Way for the Future. 
Gealy, Edgar J. 
Coal Age, Jan. 15, 1925; v. 27, pp. 77-80. 
(Includes reference to the increasing use of 
electric drive for various purposes in coal 
mines. ) 


LIBRARY SECTION 


Condensed references to some of the more important articles in the tech- 
nical press, as selected by the G-E Main Library, will be listed in .this 
section each month. New books of interest to the industry will also be 
listed. In special cases, where copy of an article is wanted which vcan- 
not be obtained through regular channels or local libraries, we will sug- 
gest other sources on application. 


bo 
S 


Electrical ‘Heating, Industrial 
Electric Heat Treating. Perry, Allen M. 
Elec. Wid., Jan. 17, 1925; v. 85, pp. 145-147. 
(Experiences of an automobile manufactur- 
ing company.) 


Electric Transmission Lines 


Stability of Long Transmission Lines. Gibbs, C.D. 
Elec. Wid., Jan. 17, 1925; v. 85, pp. 143-145. 


Electricity—Applications—Agriculture 
Taking Hydro-Electricity to the Farmers. Davis, 
Pate 
Elec. South, Jan., 1925; v. 5, pp. 27-28, 40. 
(Explains experiments being conducted by 
the Alabama Power Company and the 
Agricultural Experiment Station at Au- 
burn, Alabama.) 


Electricity—Application—Clocks 
Central Time-Keeping Installation at the Baden 
Works of Brown, Boveri & Company, 
Limited. Merkt, W. 
Brown Boveri Rev., Jan., 1925; v. 12, pp. 14-16. 


Electricity—Applications—Ships 
Electricity on Board Ship. 
Elec. Rev., Jan. 23, 1925; v. 96, pp. 124-127. 
(Short account of various applications of 
electricity on the Orama.) 


Fatigue of Metals 
Endurance Properties of Alloys of Nickel and of 
Copper—Part I. McAdam, Jr., D. J. 
Am. Soc. St. Treat. Trans., Jan., 1925; v. 7, pp. 
54-81. 
(Includes a bibliography of 13 entries.) 


Generators 


Cleaning Generators. Rea, N. L. 
Power, Jan. 27, 1925; v. 61, pp. 132-133. 


Grounding 
Ground Current Control and Station Grounds. 
Mayer, F. H. 
Jour. Elec., Jan. 15, 1925; v. 54, pp. 54-56. 
(Considers the subject as a factor in power 
station design.) 


Hydroelectric Development 
Problem of the Colorado River. Durand, Wil- 


liam F. 
Mech. Engng., Feb., 1925; v. 47, pp. 79-84. 


Insulation 
Improved Spraying Plant. 
Engr., Jan. 9, 1925; v. 139, pp. 58-59. 
(Illustrates and describes English apparatus 
for spraying insulating liquid on core 
stampings. ) ; 
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Locomotives, Mine 
Better Mine Haulage. Johnston, H. H. 
Mod. Min., Jan., 1925; v. 2, pp. 2-4. 
(Discusses mine locomotive characteristics.) 


Lubrication and Lubricants 


Symposium on Lubrication. 
Mech. Engng., Feb., 1925; v. 47, pp. 109-114. 


Magnetic Field 
Graphical Estimation of Magnetic Field Sur- 
rounding a System of Conductors. Cooper, 
W. Fordham. 
Wld. Power, Jan., 1925; v. 3, pp. 26-30. 


Power Costs 
Economic Consideration of Power Service. Mor- 
gan, John D. 
Power Pl. Engng., Feb. 1, 1925; v. 29, pp. 
200-202. 
(A study of the relative costs of central 
station and isolated plant service.) 


Power Plants, Electric 
Generating Power at Lowest Cost. Eppelsheimer, 


Man. & Admin., Jan., 1925; v. 9, pp. 11-14. 
(‘‘ Methods of operation at the South 
Philadelphia Works, Westinghouse Elec- 
tric & Manufacturing Company.’’) 


Radio Communication 
Underground Radio, Jakosky, J. J., and Zellers, 
Dyer 


Mod. Min., Jan., 1925; v. 2, pp. 19-24. 
(Results of experiments conducted by the 
United States Bureau of Mines.) 
Radio Engineering 
Atmospherics. Smith-Rose, R. L. 
Wid. Power, Jan., 1925; v. 3, pp. 20-25. 
(Includes a bibliography of 20 entries. ) 
Sir Joseph Larmor’s Theory. Tunzelman,G. W.de. 
Elec’n, Jan. 9, 1925; v. 94, pp. 30-31. 
(‘Why wireless electric rays can bend around 
the earth.’’) 


Radio Manufacturing 


Insulation Testing. Miles, R. E., and Swan, A. W. 
Elec’n, Jan. 16, 1925; v. 94, pp. 60-61, 69. 
(English methods as used in the manufacture 
of telephone and radio apparatus.) 


Railroads—Electrification 


Railway Electrification—an Urgent Problem. 
Dawson, Philip. 
Wld. Power, Jan., 1925; v. 3, pp. 4-7. 
Suburban Railway Electrification on the G. I. P. 
Railway. 
Rwy. Gaz. are 23, 1925; v. 42, pp. 107-109. 
(Describes equipment on the Harbour branch 
of the Great Indian Peninsula Railway, 
India.) 
Reactors 
Use of Current Limiting Reactors in Central 
Stations. Gregory, W. H. 
Elec. Engr. of Aust. & N. Z., Dec. 15, 1924; v. 1, 
pp. 335-338. 
Ship Propulsion, Electric 
Diesel Electric Drive for Harbor Towboats. 
Motorship, Feb., 1925; v. 10, p. 115. 
(Brief account of the opinions of the opera- 


tors of the “P. R. R. No. 16".as to the 
value of Diesel-electric drive.) 


GENERAL ELECTRIC REVIEW 


Vol. XXVIII, No. 3 


Standards 
Classification of Engineering and Industrial 
Standards. Schlink, F. J. 
Mech. Engng., Feb., 1925; v. 47, pp. 119-122. 


Test Code for Reciprocating Steam-driven Dis- 
placement Pumps. 
Mech. Engng., Feb., 1925; v. 47, pp. 185-138. 


Steam 


Progress in Steam Research. 
Mech. Engng., Feb., 1925; v. 47, pp. 103-108. 
(Report of a committee of the American 
Society of Mechanical Engineers on work 
done at Harvard, Massachusetts Institute 
of Technology, and the U. S. Bureau of 
Standards.) 


Steam Engines 


Test of a Prosser Type Steam Engine. Ludy, L. V. 
Power Pl. Engng., Feb. 1, 1925; v. 29, pp. 186- 
188. 


(Abstract of a paper before the American 
Society of Mechanical Engineers.) 


Steam Turbines 
Standing Torque of Small Turbines. Dahlstrand, 
we 


Power Pl. Engng., Feb. 1, 1925; v. 29, pp. 184- 
185. 


Steel—Heat Treatment 


Selection of Fuels for the Heat Treatment of 
Metal. Doyle, J. A. 

Am. Soc. St. Treat. Trans., Jan., 1925; v. 7, 
pp. 101-106, 123-130. 


Substations 
Pittsburgh’s New Substation. Sutherland, G. 
and Moore, H. S. 
Elec. Wid., Jan. 24, 1925; v. 85, pp. 189-193. 
(Illustrated description of the Grant Street 
substation of the Duquesne Light Com- 
pany, Pittsburgh, Pa.) 


Turbine-Generators 
Five Hundred Thousand Horsepower in Ford 
Turbines for River Rouge Plant. 
Power, Jan. 20, 1925; v. 61, pp. 88-94. 
(Illustrates and describes turbine-generator 
units of Ford design and manufacture.) 


Turbine-Generators—Testing 
Efficiency Test of a 15,000-kilowatt Turbo- 
Generator. Woodwell, 
Power, Jan. 27, 1925; v. 61, pp. 128-131. 
(Describes tests made at the Moores Park 
Station of the Municipal Power Plant, 
Lansing, Mich.) 


Units 
Transmission Unit. Hartley, R. V. L. 
Elec’n, Jan. 16, 1925; vy. 94, pp. 58-59. 
(On. the use of the “T. U.” unit in telephone 
and radio transmission work. Serial.) 
Vacuum Tubes 


Heating Valve Filaments by Alternating Current. _ 
Redmayne, W. 
Elec. Rev., Jan. 23, 1925; v. 96, pp. 128-130. 


Welding 


Fabricating Large Structures. Goldmark, H., 
and others. 


Weld. Engr., Jan., 1925; v. 10, pp. 382, 34, 36. 
(‘Welding versus riveting in structural 
work.’’ Serial.) 
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NEW BOOKS 


Combustion in the Power Plant. Thomas A. 
ara 255 pp., 1924, N. Y., D. Van Nostrand 
Oo. 

(A practical work for the operator. Endeavors 
to avoid technical engineering questions. 
Practically one-third of the volume is 
devoted to a consideration of the character- 
istics of the coals from various fields. The 
remaining pages take up the fundamentals 
of combustion, stokers, furnaces and furnace 
construction, boilers, draft, boiler plant 
operation, and ash disposal.) 


Electrical Measuring Instruments. Pt. 2: Induc- 
tion Instruments, Supply Meters and Auxiliary 
Apparatus. C. V. Drysdale and A. C. Jolley. 
475 pp., 1924, N. Y., D. Van Nostrand Co. 

(A volume that should prove valuable to the 
designer and manufacturer of commercial 
indicating instruments. It presents an 
extended treatment of the construction, 
theory of operation, performance, and testing 
of such devices. The following topics are 
treated at length:  direct-current supply 
meters; induction instruments; recording 
instruments; frequency and phase meters; 
devices for extending the range of alternat- 
ing-current instruments; electrical devices 
for mechanical testing; special indicating 
instruments, synchroscopes, etc.; and test- 
room equipment. The volume is profusely 
illustrated and well indexed.) 


Enlarged Callendar Steam Tables. H. L. Callendar. 
80 pp., 1924, Lond., Edward Arnold & Co. 


Fuel; Solid, Liquid and Gaseous. Ed. 3. J. S.S. 
Brame. 388 pp., 1924, N. Y., Longmans, Green 
& Co. 


Handbook of Mineralogy, Blowpipe Analysis and 
Geometrical Crystallography. G. Montague 
Butler. 3 vol. in 1, 1911-1918, N. Y., John Wiley 
& Sons. 

(A combination, in one volume, of the author's 
previous volumes on each.of the three sub- 
jects enumerated in the title. Each section 
has its separate pagination, title page, 
preface, table of contents, and index. The 
whole forms a handy reference work for 
those interested in mineralogy, crystallogra- 
phy and related subjects.) 


Industrial Coal; Purchase, Delivery and Storage, 
American Engineering Council. 419 pp., 1924. 
N. Y., Ronald Press Co. 


Magnets. Charles R. Underhill. 468 pp., 1924, 
N. Y., McGraw-Hill Book Co., Inc. 


Organization and Budgetary Control in Manu- 
facturing. Thomas B. Fordham and Edward H. 
Tingley. 233 pp., 1924, N. Y., Ronald Press Co. 


Scientific Management Since Taylor. Edward Eyre 
‘Hund (Editor). 263 pp., 1924, N. Y., McGraw- 
Hill Book Co., Inc. 


Substation Operation. Edwin Kurtz. 261 pp., 
1924, N. Y., McGraw-Hill Book Co., Inc. 


Telegraphy and Telephony with Railroad Applica- 
tions. Charles Stanley Rhoades. 518 pp., 1924, 
N. Y., Simmons-Boardman Pub. Co. 
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14 ‘Waste Heat 


Recover generator losses with 


Exclusive G-E Features 


Helically wound and shouldered 
copper fin designed for maximum 
heat transfer. 


Extremely simple multi-pass water 
box with removable cover plate. 


Individual tubes easily removed 
and replaced. 


Non-corrodible, muntz-metal tube 
sheets, one inch in thickness, 


Sherardized bolts and frame. 


Heavy, rigidly welded, structural 
steel frame. 


Simple, but rigid, tube support at 
center of tube bank. 


G-E Surface Air Coolers 


The G-E Surface Air Cooler enables you to go one 
step further in raising your plant efficiency. It 
preheats your boiler feed water with heat that 
would otherwise be lost. It does this by using the 
turbine condensate to cool the ventilating air. 


This Air Cooler operates in a closed ventilation 
system, which provides still other advantages: 


Clean generator air 
Less fire hazard 
Simple ducts 

Less noise 


G-E Air Coolers can be installed for existing 
equipment without difficulty. By all means 
include them in new installations. 


Bulletin 45609 
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GENERAL ELECTRIC COMPANY, SCHENECTADY, N. Y., 


Say you saw it advertised in the GENERAL ELECTRIC REVIEW 
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SALES OFFICES IN ALL LARGE CITIB§ 
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Assembling G-E Switch- 
boards at the factory 


Apply the responsibility test 
to your switchboards 


Look beyond your switchboard. 


Look into the character of each device to be sure it is 
worthy of trust. Will each switch and circuit breaker 
meet every operating condition imposed? Is the con- 
struction back of the panels accessible, neat and depend- 
able? Have the proper relays been selected? Will all the 
instruments perform accurately, and under the test of 
time? 


These are factors you must consider. They are assured 
in G-E Switchboards because— 


GE responsibility is undivided. By coordination of 
design, manufacture and assembly, the size, strength 
and appearance are consistent with the duty, and 
your switchboard is adequate for the service. 


GENERAL ELECTRIC 


GENERAL ELECTRIC COMPANY, SCHENECTADY N. + SALES OFFICES IN ALL LARGE CITIES 


Say you saw it advertised in the GENERAL ELectric REVIEW 
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Pipes connected 
at an angle 


Two pipes connected end 
to end 


For hanging bus from sus- 
pension insulator, 


From pipe towire 


For a “T” 
connection 


For connecting fo oil 
circuit breaker stud 


For connecting to dis- 
connect switc 


Clamp your outdoor-station buses 
Don’t cut and fit and solder 


These clamp connectors make easy work of installing outdoor 
station bus structures. With them you can make most any 
tubular bus connection by a simple clamping operation. 


The clamps are made of copper alloy for copper tubing and of 
aluminum alloy for iron or aluminum tubing. Four to eight 
bolts, depending on the size of the clamp, insure good contact, 
correct alignment and rigid construction. 


Let us send you a leaflet giving sizes and dimensions of the 
complete line. Just ask for 67752-1. 
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Cameron Pumps 


For more than half a century Cameron 
Engineers have successfully solved 
pumping problems of every descrip- 
tion. This vast background of ex- 
perience has emphasized the necessity 
of precise design, discriminating 
choice*of material and skilled work- 
manship. 


For the past sixty years Cameron and Quality have been 
synonymous in the power plants throughout the country. 


The Cameron high-pressure boiler feed pumps have been 
developed hand in hand with the adoption of the higher steam 
pressures. They are fit for the heaviest duty in modern service 
and give high efficiency at no sacrifice to their dependability. 
They are built in from two to six stages in a single casing and 
arranged for direct connection to electric motor or steam 
turbine. 


The ability of Cameron pumps to meet exact operating 
conditions is assured by a thorough shop test under these con- 
ditions before shipment. 


Send for complete set of bulletins 


INGERSOLL-RAND COMPANY—11 BROADWAY, NEW YORK CITY 


Offices in principal cities the world over 


FOR_CANADA REFER—CANADIAN INGERSOLL-RAND CO., LIMITED, 260 ST. JAMES STREET, MONTREAL, QUEBEC 


A. S. CAMERON STEAM PUMP WORKS 


Say you saw it advertised in the GENERAL Evectric REVIEW 


Ingersoll-Rand 
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Steadfast Purpose 


SE> 


HE most essential element of economical production 

and service in any field of industry is specialization. 
From its earliest conception The Maqua Company was 
organized with a steadfast purpose in view—Servsce to the 
electrical industry. 

The requirements of such a clientele are exacting and 
wide in scope. We have been successful in meeting the 
demand through the untiring efforts of a force of crafts- 
men especially trained to produce high-grade commercial 
and technical printing. 

For more than a decade The Maqua Company has 
been supplying service to manufacturers and dealers in 
electrical supplies and machinery. And when we mention 
Service to the buyers of printing we feel confident the word 
carries with it the prestige of prominence in the production 
of business-building printing. 


THE MAQUA COMPANY 


Offices and Plant located at SCHENECTADY, NEw York 


PRINTERS, ENGRAVERS and BINDERS to the ELECTRICAL INDUSTRY 


Say you saw it advertised in the GENERAL ELEcTRIC REVIEW 
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“It’s a mark of distinction— 
to have the REVIEW on one’s desk” 


By the ace 
To tena. $2. on 


It marks you as an engineer keenly 
alive to professional progress, one who keeps 
in touch with the results of organized research 
and puts them to useful service for the advance- 
ment of engineering and industry. 


Every month the Review is filled with 
authoritative articles by recognized leaders in 
electrical research and engineering, articles rich 
in fact and discovery. To read the Review, 
to use the knowledge of new developments, 
is a privilege and an incentive to individual 
attainment. 
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Name the Load— 


we'll supply the bearing 


Plain radial load, with a light thrust from 
one direction only? Then specify Gurney 
Radial Bearings. Radial load with thrust 
from either direction? Type ‘‘C’’ Deep 
Groove are the bearings to use. Combined 
radial and thrust load, the thrust from one 
direction only and equal to or greater than 
the radial load? Then you will want 
Gurney Radio-Thrust Bearings. For heavy 
thrust loads from either direction, there’s 
the Gurney Duplex Bearing, and for un- 
usually severe loads, Gurney Double Row 
Bearings, also capable of taking heavy 
thrust from either direction. 


Gurney Bearings cover the field. Send for 
load ratings (safety factor deducted) and 
compare with ratings of like sizes of other 
bearings. Gurney ratings are higher—and 
you will find Gurneys performing unfail- 
ingly in any number of machines where 
this additional capacity is essential to the 
successful performance of the machine. 
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Marlin-Rockwell Corporation 


Successor to 


GURNEY BALL BEARING CO. 


JAMESTOWN, N. Y. 


MARCH, 1925 
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AW HIDE 


We have used this heading, wondering 
if you would be sufficiently interested 
to read about what we are making. 


N purchasing or using a Hide 
Faced Hammer or Raw Hide 
Mallet, probably very few under- 
stand the care used in selecting 
and preparing the Hides, which 
is the first step necessary to insure 
a satisfactory and _ service-giving 
article. Then comes the manu- 
facture of the Hide into the 
following products: 


Hide Faced 


Hammers 


Raw Hide 
Mallets 


Raw Hide 
Blanks 

for Gears 
and Pinions 


Made from Raw Hide and by Us. 


HOLBROOK 


* Raw Hide Co. 
PROVIDENCE, R. I. 
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THE WELLMAN: SEAVER-MopGan Co. 
SA 


Cleveland Ome, US 


i 
} 


dl | EMI; We, 
$11,160.00 SAVED PER MONTH 
By the use of the W-S-M Revolving Car Dumper! 


An interesting story is contained in this Report. 


A copy furnished executives upon request 


The Wellman-Seaver-Morgan Company 
Cleveland, Ohio, U. S. A. 


C.H. Wheeler Condensing Equipments 


15,000-kw. Condensing Unit consisting of SURFACE CONDENSER 
with “DUAL BANK” tube arrangement 
TWIN AIR PUMPS with Inter and After Condenser 


TWIN CENTRIFUGAL CIRCULATING PUMPS 
TWIN CENTRIFUGAL CONDENSATE PUMPS 


C. H. WHEELER MANUFACTURING COMPANY 
Main Office and Works 


Sedgley and Lehigh Avenues - - - - PHILADELPHIA, PA. 
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Silk for 


Insulat- 


ing Finest 


For ) 
Electrical il 
Purposes 

ALL KINDS BRAIDING SILK 


William Ryle & Co. 


381 Fourth Ave. NEW YORK 
Cor. 27th St. CITY 


Wire 


The J. G. White 
Engineering Corporation 
Engineers—Constructors 


Steam, Water Power and Industrial Plants, 
Transmission Systems, Oil Refineries and Pipe 
Lines, Hotels, Apartments, Railroads. 


Reports and Appraisals 


43 Exchange Place New York 


FIRELESS WIRELESS 
FURNACES 


3000° C.—10 min.—carbon free 


AJAX-NORTHRUP 


high frequency induction 
Trade Mark furnaces. 
Write for G2 and $ 


W hhhiy/s 
Ajax Flectiothermi¢ Corporation 


Trenton, New Jersz 
ao y 


G H. Clamer, Pres. 


E. F. Northrup, Vice-Pres, 


“IRVINGTON” PRODUCTS 
Black and Yellow 


Varnished Cambrics Varnished Paper Varnished Silk 
Flexible Varnished Tubing 
Insulating Varnishes and Compounds 
“Cellulak” Tubes and Sheets 


IRVINGTON VARNISH AND INSULATOR CO. 
IRVINGTON, N. J., U.S.A. 


Sales Representatives in all principal cities 


We Manufacture Every Known 
Carbon Product 


Automobile Brushes 
For Starting Motors and Lighting Generators. 
Carbon Brushes 
For Stationary Motors and Generators. 
Rotary Converters, Turbo Generators and 
Railway Motors. 
Carbon Electrodes 
For Electric Furnaces. 
Carbon Rings 
For Steam Turbines. . 
Carbon Rods 
For Electric Welding. 
Carbon Plates and Rods 
For Electrolytic Work. 
Battery Carbons 
For Dry Cells and Flashlight Batteries. 
Plate Carbons 
For Furnace Lining. 
Projector Carbons 
For Motion Picture Machines. 
Searchlight Carbons 
For Sapo and Intense Illumination, 
Studio Carbons 
For Moving Picture Studio Lighting. 
Carbon Tubes 
For Protective Casings. 
Carbon Contacts 
For Circuit Breakers. 
Carbon Discs 
For Telephone Equipment. 
Carbon Specialties 
For all other work. 


Twenty-five Years’ Experience 
SPEER —the name of quality 


SPEER CARBON COMPANY 
ST. MARYS, PA. 


INDIA MICA 


AND 


SPLITTINGS 


L. VANDERVELDE 


Late D. JAROSLAW 


19 Tower Hiri 


LONDON ENGLAND 
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JOHN A. STEVENS SARGENT & LUNDY 


Consulting Power Engineer Mechanical and Electrical 


Engineers 


8 Merrimack Street 


1412 Edison Building 
Lowell, Massachusetts 72 West Adams St. Chicago, III. 


ies 


DWIGHT P. RoBINSON & COMPANY A. L. DRUM & COMPANY 


INCORPORATED 


Design and Construct Consulting and Contracting 
Engineers 
Power Plants 


Hydro-Electric Developments * 5 7 
Valuations and Financial Reports 


Construction and Management 
of Electric Railways 


Industrial Plants 
Railroad Shops and Terminals 
125 East 46th St., New York 


Chicago Montreal Los Angeles Atlanta a < 
Philadelphia Rio de Janeiro 230 South Clark Street CHICAGO, ILL. 


PUBLIC SERVICE PRODUCTION Co. McCLELLAN & JUNKERSFELD 
Incorporated 
Design and Construction of Power Plants ENGINEERING AND CONSTRUCTION 


uber lone gad dO Cr aaa Power Developments, Industrial Plants 
Examinations and Reports A A 
Examinations, Reports, Management 


Engineers and Constructors 


Valuation and Management of Public 
Utilities 


NEW YORK 
68 Trinity Place 
80 Park Place Newark, N. J. Chicago Philadelphia St. Louis 


THE FOUNDATION COMPANY 


Engineering Construction 
Steam and Hydro-electric Power Houses 
Dams Transmission Lines 
Industrial Plant Construction 
Superstructures as well as Substructures 


120 LIBERTY STREET CITY OF NEW YORK 


Offices in principal cities throughout the United States and abroad 
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In Norway 


Seven Pelton impulse turbines of 4500 H.P. each 
were built for the Hoyanger plant of the Norsk 
Aluminum Co. at Christiana, Norway. Three 
of these were especially designed for operation 
under an 1804 ft. head, three for a head of 2300 
ft. and one for best efficiency possible under 
either head. 


Each turbine is equipped with direct-motion, 
governor-operated needle nozzle with auxiliary 
relief nozzle, hydraulic cylinder-operated gate 
valve, baffle plates and other mechanism specially 
designed for operation of the units in this plant. 


THE PELTON WATER WHEEL COMPANY 


Hydraulic Engineers 
2981 Nineteenth St., San Francisco 100 Broadway, New York, N. Y. 


Divisional Office in American Trust Building, Birmingham, Ala. 


Associated Companies: Wm. Cramp & Sons Ship & 


Pacific Coast Representatives: The M. W. Kellogg 
Engine Bldg. Co., Philadelphia; Dominion Eng. Works, Co., Jersey City, N. J.; Larner Engineering Co., Philadel- 
Montreal; Sociedade Anonyma Hilpert, Rio de Janeiro. phia, Pa.; De La Vergne Machine Co., New York, N. Y. 


SCHUTTE SUPERPRESSURE VALVES 


450 lbs. pressure, 750° temp. 


Cast steel body—Monel mounted 


Special features include toggle arrange- 
ment for closing against boiler test pres- 
sure, unloading rod reducing weight of 
spool, cooling chamber around spindle, 


special seat threads, etc. 


CHUTTE 


: eae Ask Valve 
Closed and open position of Toggle 
Top Stop Check Valve Department = 
for Bulletin G i 
8-B 


1196 THOMPSON Ire 
PHILADELPHIA:P* 


PHILADELPHIA, 2045 Hunting Park Ave. 


fi « 
iaee 


‘ 


é 
‘ 


Link-Belt Silent Chain operating fan at Bell & Zoller Mining Co., Ziegler, Ill. 


Continuity of Operation Assured 


HAINED to a 200-h.p. G-E motor by 

a Link-Belt Silent Chain Drive, this 

mine fan may be relied on to deliver a 

constant, uniform quantity of life-giving air. 

Absolute dependability of performance has 

made Link-Belt Silent Chain the preferred 

Drive for Fans, Pumps, Lineshafts, and 

other work where continuity of operation 
is vital. 


Other reasons for selecting Link-Belt Silent 
Chain are readily given by those who have 


LINK-BELT 


used this drive for years. Sustained, 
98.2%, efficiency (on actual test); ability to 
run at relatively high speeds; short center 
distance possible; lessened journal fric- 
tion, and minimum of attention required; 
freedom from all trouble from heat, cold, 
dryness or moisture—these are cogent 
reasons for using Link-Belt Silent Chain 
Drives. Due to the saving in power alone, 
they usually pay for themselves several 
times over. Write nearest Link-Belt Office 
for details. 


¢ 


COMPANY 


Leading manufacturers of Elevating, Conveying and Power Transmission Chains and Machinery 


LINK BE 


CHICAGO, 300 W. Pershing Road 
Offices in Principal Cities 


HAIN 


1853 


INDIANAPOLIS, P.O. Box 85 
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